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Preface 
 
Congress directed the Secretary of the Interior, acting through the Bureau of Reclamation 
(Reclamation), to conduct a feasibility study of options for additional water storage for the 
Yakima River basin.  Section 214 of the Act of February 20, 2003, (Public Law 108-7) contains 
this authorization and includes the provision “… with emphasis on the feasibility of storage of 
Columbia River water in the potential Black Rock Reservoir and the benefit of additional storage 
to endangered and threatened fish, irrigated agriculture, and municipal water supply.” 
 
Reclamation initiated the Yakima River Basin Water Storage Feasibility Study (Storage Study) in 
May 2003.  As guided by the authorization, the purpose of the Storage Study is to identify and 
examine the viability and acceptability of alternate projects by:  (1) diversion of Columbia River 
water to the potential Black Rock reservoir for further water transfer to irrigation entities in the 
lower Yakima River basin as an exchange supply, thereby reducing irrigation demand on 
Yakima River water and improving Yakima Project stored water supplies, and (2) creation of 
additional storage within the Yakima River basin.  In considering the benefits to be achieved, 
study objectives will be to modify Yakima Project flow management operations to most closely 
mimic the historic flow regime of a Yakima River system for fisheries, provide a more reliable 
supply for existing proratable water users, and provide additional supplies for future municipal 
demands. 
 
State support for the Storage Study was provided in the 2003 Legislative session.  The capital 
budget included a $4 million appropriation for the Department of Ecology (Ecology) with the 
provision the funds “… are provided solely for expenditure under a contract between the 
department of ecology and the United States bureau of reclamation for the development of plans, 
engineering, and financing reports and other preconstruction activities associated with the 
development of water storage projects in the Yakima river basin, consistent with the Yakima 
river basin water enhancement project, P.L. 103-434.  The initial water storage feasibility study 
shall be for the Black Rock reservoir project.”   
 
Reclamation’s Upper Columbia Area Office in Yakima, Washington, is managing and directing 
the Storage Study.  Pursuant to the legislative directives, Reclamation has placed initial emphasis 
on Black Rock alternative study activities.  These study activities are collectively referred to as 
the Black Rock Alternative Assessment (Assessment). 
 
The Assessment has three primary objectives.  First, it provides the emphasis directed by Federal 
and State legislation.  Second, it builds upon prior work and studies to provide more information 
on the configuration and field construction cost of the primary components of a Black Rock 
alternative.  It examines legal and institutional considerations of water supply and use, and 
identifies areas where further study is needed.  Third, it is a step forward in identifying the 
viability of a Black Rock alternative.   
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This technical document, prepared by Reclamation’s Pacific Northwest Regional Geology, 
Exploration & Instrumentation Group, Boise, Idaho, is one of a series of documents prepared 
under the Storage Study.  This particular document is a component of the Assessment reporting 
on preliminary geologic investigations conducted in 2003 and 2004 at the alternate Black Rock 
damsite.  Information and findings of this technical document are included in the Assessment 
Summary Report. 
 

Further Consultations 
 
The information available at this time is necessarily preliminary, has been developed only to an 
appraisal level of detail, and is therefore subject to change if this alternative is investigated 
further in the course of the Yakima River Basin Storage Feasibility Study (Storage Study).  
Finally, economic, financial, environmental, cultural, and social evaluations of the Black Rock 
alternative have not yet been conducted. 
 
The policy of the Bureau of Reclamation (Reclamation) requires non-Federal parties to share the 
costs of financing feasibility studies and the eventual construction of Federal reclamation 
projects.  In light of this policy, the preliminary cost estimates presented in the Assessment 
Summary Report, and current Federal budgetary constraints, Reclamation is not reaching a 
decision at this time as to whether the Black Rock alternative will be carried forward into the 
next phase of the Storage Study or dropped from further consideration.  Rather, Reclamation will 
consult with the State of Washington (which is cost sharing in the Storage Study), the Yakama 
Nation, the potential water exchange participants, project proponents, and other interested parties 
before making a decision in this regard.  It is anticipated that a decision will be reached by the 
fall of 2005. 
 
If the Congress provides further funding for the Storage Study, all technically viable alternatives 
would be compared and an alternative(s) selected for further analyses in the feasibility phase.   
(Whether the Columbia River-Yakima River water exchange concept in the form of the Black 
Rock alternative is included will depend upon whether Reclamation, after these additional 
consultations, decides to carry that alternative forward into the plan formulation phase of the 
Storage Study.)  The selected alternative(s) would then be subject to detailed evaluation in the 
feasibility phase in terms of engineering, economic, and environmental considerations, and 
cultural and social acceptability.  This feasibility phase would be the last phase of the Storage 
Study.  Preparation of the Feasibility Report/Environmental Impact Statement would be a part of 
this final phase. 
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SUMMARY AND CONCLUSIONS 
 
The original Black Rock Damsite was investigated by a private engineering consulting firm in 
2002 and 2003.  That study suggested that a more suitable damsite may lie west of the original 
study area.  Based on the available understanding and mapping at the time, the location further 
west was thought to be less complicated due primarily to the presence of a potential north-south 
fault thought to place the bedrock nearer the ground surface.   
 
Bureau of Reclamation forces performed investigations at the alternate Black Rock Damsite in 
2003 and 2004.  These investigations included drilling holes to determine the depth to bedrock 
along the alternate alignment, drilling a single core hole to obtain samples of the deep foundation 
to determine engineering characteristics and provide a pilot hole for a ground-water test hole, 
and performing a reconnaissance survey for borrow materials.     
 
Five bedrock confirmation holes were drilled at the alternate site.  The holes were drilled on the 
lower abutments and in the channel area.  The information from these holes showed that the 
depth to bedrock (overburden thickness) is greater at the alternate alignment than at the original 
damsite.  Using this data, the engineer’s estimate for the total embankment quantities showed 
that the alternate alignment would require approximately 10,000,000 cubic yards (yd3) more than 
the original site.  Based on these estimates it was determined the original site is best suited for 
the structure.  
 
The upper foundation at the damsites is composed of Quaternary loessial and alluvial deposits 
underlain by sediments of the Tertiary Ringold Formation.  The deep foundation bedrock is 
composed of volcanic rocks of the Saddle Mountain Basalt Formation of the Columbia River 
Basalt Group.  The geologic and engineering properties of the shallow and deep foundation 
materials are similar at both damsites.  
 
Three ancient landslides identified on the Horsethief Mountain ridge are located near the south 
(right) abutment at the original damsite; two landslides are upstream from the damsite, one of 
which is on the north slope and the other is in the reservoir basin; the third is downstream from 
the damsite.  
 
Construction materials for the dam and associated structures can be obtained from both 
developed and undeveloped land within approximately 35 miles of the site.  Geologically, the 
sources consist of recent Yakima and Columbia River alluvium, post-Yakima Fold Belt 
alluvium, and Columbia River basalt.      
 
Nineteen potential borrow material sites were identified during the reconnaissance survey.  The 
main material types for the dam include impervious fill, rockfill, processed material for filter and 
drain elements, and concrete aggregate and sand.     
 
 
 



 x

It is common practice to obtain material from the reservoir basin during construction of large 
embankment dams.  The Black Rock Valley and possibly Dry Creek Valley, south of the 
damsite, are potential sources for zoned earthfill for the embankment.  Mining in the Black Rock 
Valley would have to be performed in a manner that would not compromise the water-holding 
ability of the reservoir basin or increase seepage in the vicinity of the dam.  The likely area 
would be at the upper end of the valley, furthest from the damsite where reservoir depth is 
minimal.   
 
In order to meet gradation requirements for filter, drain, and concrete aggregate, washing and 
screening of raw material will be necessary.  The nearest sources of relatively clean material 
include Columbia River or Yakima River alluvial deposits, where well-sorted sand and gravel 
with minimal fines and wash water for processing are readily available.   
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 Photograph 1.  View looking west at Black Rock Valley and the approximate location of the 
 damsites.  Horsethief Mountain forms the south (right) abutment and the Yakima ridge the north (left)   
 abutment.  Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study, Washington - Bureau of Reclamation   
 photograph taken by D.M. Walsh, June 17, 2003.   
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Previous Investigations 
 
WIS investigated the Black Rock Damsite in December 2002 and prepared a final report in 2003. 
 This investigation was funded by Benton County through a grant from the State of Washington. 
 The investigation program consisted of conducting geologic mapping and completing five test 
borings, nine test pits, water pressure testing, and a geophysical refraction survey.  Two 
important conclusions were drawn from this investigation.  First, the depth to bedrock in the 
main section of the damsite was considerably deeper than the 25 feet initially estimated, reaching 
depths as great as 216 feet in the maximum section.  Also, the basaltic lava flows that form the 
bedrock at the site were considerably more fractured and broken than originally thought and rock 
quality was generally low.  None of the borings intercepted the water table, and no observation 
wells were installed at the site.   
 

Current Investigation 
 
The current investigations included development of topographic base maps of the entire study 
area, and drilling exploratory holes and geologic mapping at the alternate dam alignment.    
 
Topographic Base Map 
 
The mapping work included surveying for a control network, placing temporary photographic 
panels, and completing aerial photography, scanning, photogrammetric mapping to produce a 
digital elevation model of the area.  The digital elevational model was used to develop 2-foot 
contour topographic base maps of the Columbia River intake area, Black Rock reservoir site, 
Black Rock outlet area, and most areas in between.  Existing USGS 7.5-minute quadrangle maps 
with 20-foot contour intervals provided topographic information for locations outside the 
coverage area, including a small portion of the outflow conveyance system between Black Rock 
Reservoir and Roza Canal and the Roza and Sunnyside delivery systems.   
 
Exploratory Drilling and Geologic Mapping 
 
Drilling, sampling, and testing were performed to determine the depth to bedrock and 
characterize the bedrock at the alternate Black Rock Damsite.  Drilling was performed by 
Reclamation drill crews.  Equipment included an Ingersoll-Rand A-220 truck-mounted rotary 
drill and a Gus Pech truck-mounted rotary drill, with standard support equipment including air 
compressors and circulating pumps.  The top of bedrock confirmation holes (drill holes DH-03-1 
through DH-03-5) were drilled using a 6-inch ODEX casing advancer system.  Core samples of 
the bedrock were obtained, when possible, to verify the bedrock surface using HQ wire-line [2.5-
inch inner diameter (I.D.)] coring systems with clear water as circulating fluid.   
 
Two deep foundation borings were drilled.  Drill Hole DH-04-1 was cored in order to define the 
deep foundation and DH-04-2 was cored to perform hydrogeology analysis.  Both deep holes 
were drilled using an Ingersoll-Rand T-2 truck-mounted rotary drill with standard support 
equipment including air compressors and circulating pumps.    
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 Figure 3.  Generalized stratigraphic section of the alternate Black Rock Damsite based on 
 drill hole DH-04-1 (adapted from Lenz, Wells, and Bentley, 2004; Washington Infrastructure 
 Services, Inc., 2003; and Reidel and Campbell, 2003).  
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   Photograph 2.  View of Pomona Basalt core sample prior to removal from inner core  
   barrel.  The rock is slightly weathered, hard, and intensely to moderately fractured with  
   tight to slightly open joints.  The sample is from drill hole DH-04-1 from 191.4 to  
   210.4 feet.  Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study, Washington –  
   Bureau of Reclamation photograph taken by D.N. Stelma, February 24, 2004.   
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Selah Sedimentary Interbed (Ts) 
 
The Selah Interbed is a member of the Ellensburg Formation and includes the sedimentary 
deposits between the Pomona and Esquatzel Members and Umatilla Basalt Member.  The unit is 
composed mostly of tuffaceous siltstone and claystone consisting of reddish-orange to black, 
well-indurated clay to medium sand-sized lithic fragments of pumice, ash, and chert (refer to 
Photograph 3).  The Selah Interbed represents deposition by the Columbia River and other 
streams between intense periods of volcanism.  Additionally, the upper contact of the Pomona 
Member is interpreted to be an invasive flow, which is Selah Interbed sediments rafted to the 
flow surface during emplacement of the Pomona Basalt.  The Selah Interbed was encountered in 
test boring DH-04-1 at the alternate damsite (refer to Drawing Nos. 33-100-3383 and -3384).  

 
Undifferentiated Esquatzel and Umatilla Basalt (Teq/Tum) 

 
The Esquatzel Member is an intercanyon flow that filled ancestral Columbia River channels, 
sometimes overflowing the channel and pouring out into the floodplain (Washington 
Infrastructure Services, Inc., 2003).  The Esquatzel Basalt overlies the Umatilla Basalt and it is 
impossible to visually distinguish between the two flows in hand samples.  Both flows have 
normal magnetic polarity.  Due to similar characteristics the members are addressed as a single 
unit on the geologic logs and in this report.  The flows consist of gray to dark gray, hard, dense 
to slightly vesicular, fine-grained basalt that is slightly weathered.  The units were encountered 
in test boring DH-04-1 at the alternate damsite (refer to Drawing Nos. 33-100-3383 and -3384).   
 

Mabton Sedimentary Interbed (Tm) 
 
The Mabton Sedimentary Interbed is member of the Ellensburg Formation and includes the 
sedimentary deposits between the Saddle Mountains and Wanapum Basalt Formations.  The 
units consists of a thick sequence of tuffaceous siltstone, sandstone, and claystone that represents 
an extended time period of deposition between eruptions.  The Mabton Interbed was encountered 
in test boring DH-04-1 (refer to Drawing Nos. 33-100-3383 and -3384).  
 

Priest Rapids Basalt (Tpr) 
 
The Priest Rapids Basalt is a member of the Wanapum Basalt Formation and is distinguished by 
stratigraphic position, and its coarse-grained texture and reverse magnetic polarity.  It may be 
present near the top of the dam on the south abutment, near the hinge of a fold, and is expected 
to be fractured based on its location next to this structure (Washington Infrastructure Services, 
Inc., 2003).  The Priest Rapids Basalt was encountered at depth in drill hole DH-04-1.  Drilling 
was stopped after penetrating only 6.5 feet into the flow (refer to Drawing Nos. 33-100-3383 and  
-3384).  Its total thickness at the site is unknown.  
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 Photograph 3.  View of core sample showing the contact between the Pomona  
 Basalt (Saddle Mountains Basalt Formation) and the underlying Selah Interbed 
 (Ellensburg Formation) prior to removal from coring tube.  Note the reddish  
 alteration zone at the contact.  The sample is from drill hole DH-04-1 from  
 252.4 to 261.4 feet.  Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study,  
 Washington – Bureau of Reclamation photograph taken by D.N. Stelma, February 27, 2004. 
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Landslides 
 
The extent and causes of potential landslides in the study area, and impacts due to construction 
activities and reservoir operations need to be established.  The landslides in the Yakima Fold 
Belt generally form on sloping limbs of the anticlines, due to failure of the lower strength 
sedimentary interbeds.  The primary areas where these conditions exist include Horsethief 
Mountain (south abutment) and potentially along the south rim of the reservoir area.   
 
Several potential landslides have been identified on the Horsethief Mountain anticline (refer to 
Drawing 33-100-3381).  One landslide is located on the north slope of the ridge upstream from 
the damsite (refer to Photograph 4).  Horsethief Point is a prominent butte that projects from the 
valley floor upstream for the original damsite.  This point appears to be a buried remnant of a 
landslide block that has moved off Horsethief Mountain (refer to Photograph 4).  The third slide 
area is downstream from the damsite on the east slope of Horsethief Mountain (refer to 
Photograph 5).   
 
Additional investigations are needed to evaluate the impacts of a potential reservoir on the 
landslide areas.  In particular, potential landslides need to be identified and evaluated for impacts 
associated with the highway relocation along the south rim of the reservoir, the stability of slopes 
at the damsite during and after construction of the dam and appurtenant structures, and an 
evaluation of reservoir rim stability during reservoir operations.   
 

Comparison of Original and Alternate Damsites 
 
As mentioned, Washington Infrastructure Services, Inc.’s report of the original damsite 
suggested that a more suitable damsite may lie further west of the original study area due to the 
presence of a potential north-south fault, referred to as the “Macho Linear” (refer to Drawing 33-
100-3381) thought to place the bedrock nearer the ground surface (Washington Infrastructure 
Services, Inc., 2003). 
 
Reclamation performed investigations at the alternate site between December 2003 and March 
2004.  These investigations involved drilling five shallow holes to define the bedrock surface 
and drilling one deep hole to confirm the stratigraphy of the deep foundation (refer to sections on 
Bedrock Surface Drill Holes and Deep Foundation Drill Holes).  The exploratory drilling 
indicated that the depth to bedrock and overburden thickness at the alternate site was slightly 
greater than the original site.  The depth to bedrock indicates that the potential offset along the 
postulated north-south fault, if the fault exists, is insignificant.   
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Photograph 4.  View looking west at Horsethief Mountain, which forms the south (right) abutment at the 
Black Rock Damsite.  Note landslide upstream of the alternate damsite on the northwest slope of the 
mountain.  Horsethief Point and smaller rock outcrops to the west may be remnants of landslide debris 
derived from the north slope of the mountain.  Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study, 
Washington – Bureau of Reclamation photograph taken by D.M. Walsh, November 6, 2003. 
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Photograph 5.  View looking west at Horsethief Mountain, which forms the south (right) abutment at the 
Black Rock Damsite.  Note the landslide downstream and south of the original damsite on the east slope 
of the mountain.  Black Rock Damsite, Yakima River Basin Water Storage Feasibility Study, Washington – Photograph taken by 
D.M. Walsh, November 6, 2003.   
 

 
Engineering estimates based on drill hole information show that for total embankment quantities, 
including above- and below-ground fill materials, the alternate site would require about 
10,000,000 more cubic yards (yd3) than the original site (Bureau of Reclamation, 2004a).  Based 
on this data, the original damsite is the preferred alignment and no further study of the alternate  
damsite is planned.  
 
The geology of the Black Rock Damsite was developed from the investigations conducted in 
December 2002 at the original site by Washington Infrastructure Services, Inc. (Washington 
Infrastructure Services, Inc., 2003).  Both of the damsites are underlain by the same geologic 
units and the engineering properties of the shallow and deep foundation materials are similar at 
both damsites. Initial investigations indicate the site is adequate for construction of the dam.  
However, additional investigations are needed to confirm the amount of foundation excavation, 
the extent of foundation treatment needed, including grouting, and to evaluate potential 
landslides on the right abutment.    
 

 
 
 



 

 
 

 24

Recommendations for Future Investigations 
 
If the Black Rock alternative proceeds to a feasibility-level study, recommended items for future 
investigations at the original damsite are as follows:     
 
Maximum Section Area 
 
Additional drilling will be needed to define the geometry of the Ringold Formation and top of 
bedrock with emphasis on a suitable intermediate foundation within the Ringold, and to define 
the extent and suitability of Elephant Mountain Basalt as a foundation, or determine if it will it 
be necessary to excavate down to the Pomona Basalt.  Also additional water testing for 
permeability will help define criteria for grout curtain.  Drill holes should be two-thirds the 
height of the dam or about 400 feet deep.   
  
Abutment Areas 
 
Additional drilling and water testing are needed to evaluate the permeability of the upper 
abutments.  Water losses were highest in the upper abutment holes where little soil cover exists 
over the fractured rock.  For details of water testing in the upper abutments at the original 
damsite, refer to the report entitled, Black Rock Reservoir Study, Initial Geotechnical 
Investigation (Washington Infrastructure Services, Inc., 2003).  The permeability information 
will also help evaluate seepage losses through the reservoir rim.   
 
Horsethief Mountain Thrust Fault 
 
The location and geometry of the thrust fault in the right abutment are not well known.  
Additional investigations are needed to define geometry, slip rates, movement history, and 
earthquake potential.  The investigations likely will require both drilling and trenching.   
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Claystone OTHER MATERIALS GRAPHICS LEGEND

Asphalt Concrete

OL

CL-CH CL-ML

s(CL-ML)

The Unified Soil Classification System (USCS) symbols above are defined and described in Designation USBR
5005-86, "Procedure for Determining Unified Soil Classification (Visual Method)", Designation USBR 5000-86,
"Procedures for Determining Unified Soil Classification (Laboratory Method)", and Engineering Geology Field
Manual, Volume 1, Second Edition, 1998, U. S. Department of the Interior, Bureau of Reclamation.
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0.0-7.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

7.0-30.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

30.0-90.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material is generally well
indurated.  Descriptions are based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     30.0-38.0':  SAND.  About 100% medium to fine, hard,
subrounded sand; white to tan, dry.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     38.0-43.0':  BOULDER.  Black, fine grained aphanitic,
dense basalt.  Description is based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     43.0-49.0':  GRAVEL WITH SILT AND SAND.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     49.0-69.0':  SAND AND GRAVEL WITH SILT AND
COBBLES.  Description is based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     69.0-75.0':  SILTY SAND.  About 60% medium to fine,
hard, subrounded sand; about 40% fines with low to
medium plasticity and medium toughness; white to tan,
dry.  Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     75.0-90.5'.  GRAVEL WITH SILT, SAND AND
SCATTERED COBBLES:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

90.5-118.5':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) of the Miocene Ellensburg Formation.
Unconsolidated gravel, sand and cobbles with silt and clay.
Black, gray to mottled, weathered basalt and tuffaceous
sediments.   Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.
118.5-169.6':  POMONA MEMBER (Tp)  of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRB).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on  drilling conditions, cuttings retrieved from ODEX

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 230 feet north
of Washington State
Highway 24

DRILLING EQUIPMENT:
0.0-95.0':  Ingersoll-Rand
A-200 truck-mounted rotary
drill.                95.0-169.6':
Gus Peck  truck-mounted
rotary drill.

DRILLER:
0.0-95.0':  Chris Peterson.
95.0-169.6':  Lenny
Washburn.

DRILLING METHODS:
0.0-165.0':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
165.0-169.6': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.

DRILLING CONDITIONS:
0.0-9.0': Fast and smooth.
9.0-30.0': Slow and rough
30.0-38.0': Fast and smooth
38.0-69.0': Slow and rough
69.0-75.0': Fast and smooth
75.0-89.0': Slow and rough
89.0-118.0': Fast and
smooth
118.0-169.6': Slow and
rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/4  6"  29.0'  29.0'
12/5  6"  79.0'  49.0'
12/6  6"  97.0'  97.0'
12/12 6"  10.0'  10.0'
12/13 6"  125.0' 125.0'
12/15 6"  128.8  128.8'
12/16 6"  145.0' 145.0'
12/17 6"  169.6' 169.6'

FLUID COLOR:

Qe

Qh

Tr

0.0-7.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

7.0-30.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

30.0-90.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material is generally well
indurated.  Descriptions are based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     30.0-38.0':  SAND.  About 100% medium to fine, hard,
subrounded sand; white to tan, dry.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     38.0-43.0':  BOULDER.  Black, fine grained aphanitic,
dense basalt.  Description is based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     43.0-49.0':  GRAVEL WITH SILT AND SAND.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     49.0-69.0':  SAND AND GRAVEL WITH SILT AND
COBBLES.  Description is based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     69.0-75.0':  SILTY SAND.  About 60% medium to fine,
hard, subrounded sand; about 40% fines with low to
medium plasticity and medium toughness; white to tan,
dry.  Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     75.0-90.5'.  GRAVEL WITH SILT, SAND AND
SCATTERED COBBLES:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

90.5-118.5':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) of the Miocene Ellensburg Formation.
Unconsolidated gravel, sand and cobbles with silt and clay.
Black, gray to mottled, weathered basalt and tuffaceous
sediments.   Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.
118.5-169.6':  POMONA MEMBER (Tp)  of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRB).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on  drilling conditions, cuttings retrieved from ODEX

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 230 feet north
of Washington State
Highway 24

DRILLING EQUIPMENT:
0.0-95.0':  Ingersoll-Rand
A-200 truck-mounted rotary
drill.                95.0-169.6':
Gus Peck  truck-mounted
rotary drill.

DRILLER:
0.0-95.0':  Chris Peterson.
95.0-169.6':  Lenny
Washburn.

DRILLING METHODS:
0.0-165.0':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
165.0-169.6': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.

DRILLING CONDITIONS:
0.0-9.0': Fast and smooth.
9.0-30.0': Slow and rough
30.0-38.0': Fast and smooth
38.0-69.0': Slow and rough
69.0-75.0': Fast and smooth
75.0-89.0': Slow and rough
89.0-118.0': Fast and
smooth
118.0-169.6': Slow and
rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/4  6"  29.0'  29.0'
12/5  6"  79.0'  49.0'
12/6  6"  97.0'  97.0'
12/12 6"  10.0'  10.0'
12/13 6"  125.0' 125.0'
12/15 6"  128.8  128.8'
12/16 6"  145.0' 145.0'
12/17 6"  169.6' 169.6'

FLUID COLOR:

Qe

Qh

Tr

LOCATION:   North of Washington State Highway 24

R
Q

D

GEOLOGIC LOG OF DRILL HOLE NO.  DH-03-1

D
E

P
T

H

COMMENTS:

F
IE

LD

LA
B

HOLE LOGGED BY:   D.Stelma/R. McAffee

ENGINEERING
 PROPERTIES

PROJECT:   Yakima R. Basin Water Storage Feas. Study

C
LA

S
S

IF
IC

A
T

IO
N

G
R

A
P

H
IC

H
A

R
D

N
E

S
S

DEPTH TO BEDROCK:   146.9

H
O

LE
 C

O
M

P
LE

T
IO

N

W
E

A
T

H
E

R
IN

G

COORDINATES:    N 439,362.0    E 1,790,426.8

G
E

O
LO

G
IC

 U
N

IT

FEATURE:   Black Rock Alternate Damsite
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STATE:   Washington

BEGUN:   12/4/03    FINISHED:  12/17/03
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.



FD7H3W3

BOTTOM OF HOLE

air discharge line and HQ-size core sample.

     118.5-146.9':  INVASIVE FLOW TOP (PEPERITE)
CONSISTING OF SELAH INTERBED (Ts)   of the
Ellensburg Formation, Miocene Columbia River Basalt
Group (CRB).  Pumicite material rafted to the top of the
Pomona Basalt, composed of moderately soft tuffaceous
clay, silt, sand and gravel.  Descriptions are based on
drilling conditions and cuttings retrieved from ODEX air
discharge line, and core samples from adjacent drill hole
DH-04-1.

     118.5-126.9'.  SILT, SAND AND GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     126.9-132.0':  SILT, SAND AND GRAVEL WITH
BOULDERS AND COBBLES.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     132.0-146.9':  SILT, SAND AND GRAVEL WITH
BOULDERS AND COBBLES.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     146.9-165.0':  BASALT.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     165.0-169.6':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', joints
are mostly subhorizontal with smooth and planar
surfaces.  Prior to removal from core barrel (undisturbed)
the joints were mostly tight to slightly open.

169.6':  BOTTOM OF HOLE.

0.0-165.0':  None (Drilled
using air).
165.0-169.6':  Grey

FLUID RETURN:
0.0-165.0':  None (Drilled
using air).
165.0-169.6': Drilled using
clear water, 75% return.

WATER LEVEL DURING
DRILLING:
12/4  Dry
12/5  Dry
12/6  Dry
12/12 Dry
12/13 Dry
12/15 Dry
12/16 Dry
12/17 Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 96 hrs.
Moving 40 hrs.
Down  30 hrs.

(Totals for both drill crews,
travel time not included)

HOLE COMPLETION:
0.0-165.0':  Steel casing
(welded) broke during
extraction,  casing section
remained in hole from
approx. 20.0-169.6'.
Installed and grouted 4"
diameter PVC in the hole for
downhole geophysical
testing.
165.0-169.6':  Backfill grout.

0.0-165.0':  The 4" PVC was
cut off below ground surface
and backfilled (tremied) with
cement grout after
geophysical logging was
complete.

Note:  Downhole
geophysicals testing was
adversely affected by the
steel casing , the data was
not usable.
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26FD7

air discharge line and HQ-size core sample.

     118.5-146.9':  INVASIVE FLOW TOP (PEPERITE)
CONSISTING OF SELAH INTERBED (Ts)   of the
Ellensburg Formation, Miocene Columbia River Basalt
Group (CRB).  Pumicite material rafted to the top of the
Pomona Basalt, composed of moderately soft tuffaceous
clay, silt, sand and gravel.  Descriptions are based on
drilling conditions and cuttings retrieved from ODEX air
discharge line, and core samples from adjacent drill hole
DH-04-1.

     118.5-126.9'.  SILT, SAND AND GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     126.9-132.0':  SILT, SAND AND GRAVEL WITH
BOULDERS AND COBBLES.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     132.0-146.9':  SILT, SAND AND GRAVEL WITH
BOULDERS AND COBBLES.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     146.9-165.0':  BASALT.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     165.0-169.6':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', joints
are mostly subhorizontal with smooth and planar
surfaces.  Prior to removal from core barrel (undisturbed)
the joints were mostly tight to slightly open.

169.6':  BOTTOM OF HOLE.

H3W3

BOTTOM OF HOLE

0.0-165.0':  None (Drilled
using air).
165.0-169.6':  Grey

FLUID RETURN:
0.0-165.0':  None (Drilled
using air).
165.0-169.6': Drilled using
clear water, 75% return.

WATER LEVEL DURING
DRILLING:
12/4  Dry
12/5  Dry
12/6  Dry
12/12 Dry
12/13 Dry
12/15 Dry
12/16 Dry
12/17 Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 96 hrs.
Moving 40 hrs.
Down  30 hrs.

(Totals for both drill crews,
travel time not included)

HOLE COMPLETION:
0.0-165.0':  Steel casing
(welded) broke during
extraction,  casing section
remained in hole from
approx. 20.0-169.6'.
Installed and grouted 4"
diameter PVC in the hole for
downhole geophysical
testing.
165.0-169.6':  Backfill grout.

0.0-165.0':  The 4" PVC was
cut off below ground surface
and backfilled (tremied) with
cement grout after
geophysical logging was
complete.

Note:  Downhole
geophysicals testing was
adversely affected by the
steel casing , the data was
not usable.
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FD7H3W3

BOTTOM OF HOLE

0.0-3.5': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

3.5-28.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

28.0-73.9':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling
conditions, cuttings retrieved from ODEX air discharge line
and HQ-size core samples.

     28.0-33.0':  SILTY TO CLAYEY GRAVEL WITH SAND
AND COBBLES.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     33.0-57.0':  CLAYEY GRAVEL WITH SAND.  Description
is based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     57.0-73.9':  BASALT BLOCK.  Black to gray, fine grained
aphanitic, dense basalt.  Descriptions are based on
drilling conditions, cuttings retrieved from ODEX air
discharge line and HQ -size core samples.

          57.0-66.0':  BASALT.  Description based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

         66.3-73.9':  BASALT.  Black to gray, fine grained,
slightly porphyritic (<5% phenocrysts), dense basalt.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured ((FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', joint
surfaces are smooth and planar, dips are mostly
horizontal with lesser subvertical surfaces.

73.9':  BOTTOM OF HOLE.

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
approximately 310 feet
upstream (west) of the
alternate Black Rock dam
axis about 30-feet north of
Black Rock Creek.

DRILLING EQUIPMENT:
0.0-73.9':  Gus Peck
truck-mounted rotary drill.

DRILLER:
Lenny Washburn

DRILLING METHODS:
0.0-66.5':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
66.5-73.9': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.

DRILLING CONDITIONS:
0.0-3.5': Fast and Smooth
3.5-73.9':  Slow and rough
drilling, core blocked
(wedged and prevented
advancement of the core
barrel) at 68.7' and 69.8'.

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/4 6"  47.0'  47.0'
12/5 6"  66.5'  66.5'
12/6 6"  73.9'  73.9'

FLUID COLOR:
0.0-66.3':  None (Drilled
using air).
66.3-73.9': No return.

FLUID RETURN:
0.0-66.3':  None (Drilled
using air).
66.3-73.9':  Drilled using
clear water, 0% return.

WATER LEVEL DURING
DRILLING:
12/5:  Dry
12/6:  Dry

100
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0.0-3.5': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

3.5-28.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

28.0-73.9':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling
conditions, cuttings retrieved from ODEX air discharge line
and HQ-size core samples.

     28.0-33.0':  SILTY TO CLAYEY GRAVEL WITH SAND
AND COBBLES.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     33.0-57.0':  CLAYEY GRAVEL WITH SAND.  Description
is based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     57.0-73.9':  BASALT BLOCK.  Black to gray, fine grained
aphanitic, dense basalt.  Descriptions are based on
drilling conditions, cuttings retrieved from ODEX air
discharge line and HQ -size core samples.

          57.0-66.0':  BASALT.  Description based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

         66.3-73.9':  BASALT.  Black to gray, fine grained,
slightly porphyritic (<5% phenocrysts), dense basalt.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured ((FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', joint
surfaces are smooth and planar, dips are mostly
horizontal with lesser subvertical surfaces.

73.9':  BOTTOM OF HOLE.

H3W3

BOTTOM OF HOLE

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
approximately 310 feet
upstream (west) of the
alternate Black Rock dam
axis about 30-feet north of
Black Rock Creek.

DRILLING EQUIPMENT:
0.0-73.9':  Gus Peck
truck-mounted rotary drill.

DRILLER:
Lenny Washburn

DRILLING METHODS:
0.0-66.5':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
66.5-73.9': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.

DRILLING CONDITIONS:
0.0-3.5': Fast and Smooth
3.5-73.9':  Slow and rough
drilling, core blocked
(wedged and prevented
advancement of the core
barrel) at 68.7' and 69.8'.

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/4 6"  47.0'  47.0'
12/5 6"  66.5'  66.5'
12/6 6"  73.9'  73.9'

FLUID COLOR:
0.0-66.3':  None (Drilled
using air).
66.3-73.9': No return.

FLUID RETURN:
0.0-66.3':  None (Drilled
using air).
66.3-73.9':  Drilled using
clear water, 0% return.

WATER LEVEL DURING
DRILLING:
12/5:  Dry
12/6:  Dry

100
100

98

Qe
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LOCATION:   South of Washington State Highway 24
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.



WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 16 hrs
Moving 4 hrs
Down 10 hrs

(Travel time not included)

HOLE COMPLETION:
0.0-66.3':  Installed and
grouted 4" diameter PVC in
the hole for down-hole
geophysical testing.
66.3-73.9':  Backfill grout.

0.0-66.3':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 16 hrs
Moving 4 hrs
Down 10 hrs

(Travel time not included)

HOLE COMPLETION:
0.0-66.3':  Installed and
grouted 4" diameter PVC in
the hole for down-hole
geophysical testing.
66.3-73.9':  Backfill grout.

0.0-66.3':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

HOLE LOGGED BY:   D.Stelma/R. McAffee
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BUREAU OF RECLAMATION
HOLE NO. DH03-2PROJECT Black Rock

Neutron (CPS)

0 300
Water Content

Moderate to Low

MOISTURE

GAMMA (CPS)

10 50
Clay Content

Low to Moderate

CLAY
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170 230
FarGG (CPS)

0 500
Density
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FD8H3W3

0.0-3.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

3.0-34.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     3.0-10.0'.  SILTY GRAVEL WITH SAND AND COBBLES:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     10.0-17.0'.  GRAVEL:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     17.0-20.0'.  SILT:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     20.0-34.0'.  SAND, GRAVEL AND COBBLES:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

34.0-87.0':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     34.0-80.0'.  SAND, SILT AND GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     80.0-87.0'.  CLAY:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

87.0-99.0':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on drilling conditions, and cuttings retrieved from
ODEX air discharge line, and HQ-size core sample.
     87.0-96.0'.  BASALT:  Description is based on drilling

conditions and cuttings retrieved from ODEX air
discharge line.

     96.0-98.5':  BASALT.  Black to gray, fine grained, dense
basalt.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely to
Intensely Fractured (FD8).  Core recovered in lengths
from fragments to 0.2', mostly in lengths less than 0.1',
joints are mostly horizontal with rough and irregular
surfaces.

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 2700 feet
north of Washington State
Highway 24 (left abutment).

DRILLING EQUIPMENT:
Ingersoll-Rand A-200
truck-mounted rotary drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-96.0':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
96.0-98.8': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.
96.0-99.0':  Reamed hole
with 6-inch using the ODEX
system (downhole hammer
and compressed air).

DRILLING CONDITIONS:
0-17.0':  Slow and rough
17.0-20.0':  Fast and smooth
20.0-99.0':  Slow and rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/8  6"  49.0'  49.0'
12/9  6"  99.0'  99.0'

FLUID COLOR:
0.0-96.0':  None (Drilled
using air).
96.0-98.5': No return.
98.5-99.0':  None (Drilled
using air).

FLUID RETURN:
0.0-96.0':  None (Drilled
using air).
96.0-98.5':  0% return.
98.5-99.0':  None (Drilled
using air).

WATER LEVEL DURING
100

Qe

Qh

Tr

Tp

0FD8

0.0-3.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

3.0-34.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     3.0-10.0'.  SILTY GRAVEL WITH SAND AND COBBLES:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     10.0-17.0'.  GRAVEL:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     17.0-20.0'.  SILT:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

     20.0-34.0'.  SAND, GRAVEL AND COBBLES:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

34.0-87.0':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     34.0-80.0'.  SAND, SILT AND GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     80.0-87.0'.  CLAY:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

87.0-99.0':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on drilling conditions, and cuttings retrieved from
ODEX air discharge line, and HQ-size core sample.
     87.0-96.0'.  BASALT:  Description is based on drilling

conditions and cuttings retrieved from ODEX air
discharge line.

     96.0-98.5':  BASALT.  Black to gray, fine grained, dense
basalt.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely to
Intensely Fractured (FD8).  Core recovered in lengths
from fragments to 0.2', mostly in lengths less than 0.1',
joints are mostly horizontal with rough and irregular
surfaces.

H3W3

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 2700 feet
north of Washington State
Highway 24 (left abutment).

DRILLING EQUIPMENT:
Ingersoll-Rand A-200
truck-mounted rotary drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-96.0':  Advanced 6-inch
using the ODEX system
(downhole hammer and
compressed air).
96.0-98.8': Advanced hole
with HQ wireline core barrel
(2.50" I.D.) and diamond bit
using clear water as
circulating fluid.
96.0-99.0':  Reamed hole
with 6-inch using the ODEX
system (downhole hammer
and compressed air).

DRILLING CONDITIONS:
0-17.0':  Slow and rough
17.0-20.0':  Fast and smooth
20.0-99.0':  Slow and rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/8  6"  49.0'  49.0'
12/9  6"  99.0'  99.0'

FLUID COLOR:
0.0-96.0':  None (Drilled
using air).
96.0-98.5': No return.
98.5-99.0':  None (Drilled
using air).

FLUID RETURN:
0.0-96.0':  None (Drilled
using air).
96.0-98.5':  0% return.
98.5-99.0':  None (Drilled
using air).

WATER LEVEL DURING
100
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.



BOTTOM OF HOLE      98.5-99.0'.  BASALT:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

99.0':  BOTTOM OF HOLE.

DRILLING:
12/9: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 60 hrs.
Moving 20 hrs.

(Travel time not included)

HOLE COMPLETION:
0.0-99.0':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-99.0':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

     98.5-99.0'.  BASALT:  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

99.0':  BOTTOM OF HOLE.

BOTTOM OF HOLEDRILLING:
12/9: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 60 hrs.
Moving 20 hrs.

(Travel time not included)

HOLE COMPLETION:
0.0-99.0':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-99.0':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

HOLE LOGGED BY:   D.Stelma/R. McAffee
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BUREAU OF RECLAMATION
HOLE NO. DH03-3PROJECT Black Rock

Neutron (CPS)

0 300
Water Content

Moderate to Low

MOISTURE
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100 400
FarGG (CPS)

0 500
Density

High to Low

DENSITY#1
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0 70
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0.0-8.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

8.0-50.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     8.0-18.0'.  BOULDERS AND COBBLES WITH GRAVEL:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     18.0-50.0'.  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

50.0-105.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     50.0-58.0':  SILTY SAND WITH GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     58.0-67.0':  SILT WITH  SAND:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     67.0-73.0':  BOULDERS AND COBBLES WITH SILTY
GRAVEL:  Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     73.0-78.0': SILTY SAND WITH GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     78.0-88.0':  SILT WITH SAND AND GRAVEL.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     88.0-98.0':  SILTY SAND AND GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     98.0-105.5':  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

105.5':  BOTTOM OF HOLE.

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 350 feet
south of Washington State
Highway 24

DRILLING EQUIPMENT:
0.0-105.5':  Ingersoll-Rand
A-200 truck-mounted rotary
drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
Advanced 6-inch using the
ODEX system (downhole
hammer and compressed
air).

DRILLING CONDITIONS:
0-58.0': Slow and rough
58.0-67.0': Fast and smooth
67.0-105.5': Slow and rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/17 6" 18.0'  18.0'
12/18 6" 78.0'  78.0'
12/19 6" 105.5'  105.5'

FLUID COLOR:
0.0-105.5':  None (Drilled
using air).

FLUID RETURN:
0.0-105.5':  None (Drilled
with air).

WATER LEVEL DURING
DRILLING:
12/18: Dry
12/19: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 50 hrs.
Moving 10 hrs.

(Travel time not included)

Qe

Qh

Tr

0.0-8.0': QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

8.0-50.0': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     8.0-18.0'.  BOULDERS AND COBBLES WITH GRAVEL:
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     18.0-50.0'.  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

50.0-105.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     50.0-58.0':  SILTY SAND WITH GRAVEL:  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     58.0-67.0':  SILT WITH  SAND:  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     67.0-73.0':  BOULDERS AND COBBLES WITH SILTY
GRAVEL:  Description is based on drilling conditions and
cuttings retrieved from ODEX air discharge line.

     73.0-78.0': SILTY SAND WITH GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     78.0-88.0':  SILT WITH SAND AND GRAVEL.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     88.0-98.0':  SILTY SAND AND GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     98.0-105.5':  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

105.5':  BOTTOM OF HOLE.

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 350 feet
south of Washington State
Highway 24

DRILLING EQUIPMENT:
0.0-105.5':  Ingersoll-Rand
A-200 truck-mounted rotary
drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
Advanced 6-inch using the
ODEX system (downhole
hammer and compressed
air).

DRILLING CONDITIONS:
0-58.0': Slow and rough
58.0-67.0': Fast and smooth
67.0-105.5': Slow and rough

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/17 6" 18.0'  18.0'
12/18 6" 78.0'  78.0'
12/19 6" 105.5'  105.5'

FLUID COLOR:
0.0-105.5':  None (Drilled
using air).

FLUID RETURN:
0.0-105.5':  None (Drilled
with air).

WATER LEVEL DURING
DRILLING:
12/18: Dry
12/19: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling 50 hrs.
Moving 10 hrs.

(Travel time not included)

Qe

Qh

Tr

LOCATION:   South of Washington State Highway 24
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.



BOTTOM OF HOLE

HOLE COMPLETION:
0.0-105.5':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-105.5':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

BOTTOM OF HOLE

HOLE COMPLETION:
0.0-105.5':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-105.5':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

HOLE LOGGED BY:   D.Stelma/R. McAffee

ENGINEERING
 PROPERTIES

PROJECT:   Yakima R. Basin Water Storage Feas. Study
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BUREAU OF RECLAMATION
HOLE NO. DH03-04PROJECT Black Rock

Neutron (CPS)

0 300
Water Content

Moderate to Low

MOISTURE

NearGG (CPS)

100 400
FarGG (CPS)

0 500
Density

High to Low

DENSITY#1

GAMMA (CPS)

0 70
Clay Content
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FD7H3W4

0.0-32.5': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     0.0-8.0':  SILTY SAND WITH GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     8.0-18.0':  BOULDERS AND COBBLES WITH GRAVEL.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     18.0-32.5':  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

32.5-106.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     32.5-47.5':  SAND AND CLAY.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     47.5-68.0':  SAND AND GRAVEL.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     68.0-82.0':  SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     82.0-90.0':  SAND AND GRAVEL.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     90.0-101.2':  BASALT BLOCK.  Black to reddish gray,
fine grained, dense basalt.  Description is based on
drilling conditions, cuttings retrieved from ODEX air
discharge line and HQ -size core samples.

          96.6-101.2': BASALT.  Black to reddish gray, fine
grained, slightly porphyritic (<5% phenocrysts), dense
basalt.  Moderately to Slightly Weathered (W4).
Extensive oxidation (iron and manganese) on fracture
surfaces and into body of rock.  Hard (H3).  Core
breaks with heavy hammer blow.  Intensely Fractured
(FD7).  Core recovered in lengths from fragments to
0.3', joint surfaces are smooth and planar and dipping
about 45 to 60 degrees from horizontal.

     101.2-102.8':  POORLY GRADED GRAVEL WITH CLAY
AND SAND (GP-GC).  About 70% predominantly fine,
hard, subangular gravel; about 20% fine to coarse, hard,
subangular sand; about 10% fines with medium

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis near the
Black Rock Creek channel.

DRILLING EQUIPMENT:
Ingersoll-Rand A-200
truck-mounted rotary drill.

DRILLER:
Chris Peterson

DRILLING METHODS:

0.0-8.0':  Advanced 6-inch
casing with casing hammer
using 6-inch Odex and air  to
remove cuttings.
8.0-17.0':  Advanced 6-inch
casing with 5.5" downhole
hammer and air to remove
cuttings.
17.0-96.5':  Advanced 6-inch
casing with casing hammer
using 6-inch Odex and air to
remove cuttings.
96.5-102.8': Advanced hole
with NQ wireline core barrel
(3.75" I.D.) and diamond bit
using clear water as
circulating fluid.
102.8-106.5:  Advanced
6-inch casing with casing
hammer using 6-inch Odex
and air to remove cuttings.

DRILLING CONDITIONS:
0-58.0':  Slow and rough
58.0-67.0': Fast and smooth
67.0-105':  Slow and rough
105-106.5':  Fast and
smooth

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/11 6" 18.0'  18.0'
12/12 6" 48.0'  48.0'
12/13 6" 96.5'  96.5'
12/15 6" 106.5'  106.5'

FLUID COLOR:
0.0-106.5':  None (Drilled
using air).

85

Qh

Tr

0FD7

0.0-32.5': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Descriptions are based
on drilling conditions and cuttings retrieved from ODEX air
discharge line.

     0.0-8.0':  SILTY SAND WITH GRAVEL.  Description is
based on drilling conditions and cuttings retrieved from
ODEX air discharge line.

     8.0-18.0':  BOULDERS AND COBBLES WITH GRAVEL.
Description is based on drilling conditions and cuttings
retrieved from ODEX air discharge line.

     18.0-32.5':  BOULDERS AND COBBLES WITH
GRAVEL, SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

32.5-106.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material ranges from poorly to
well indurated.  Descriptions are based on drilling conditions
and cuttings retrieved from ODEX air discharge line.

     32.5-47.5':  SAND AND CLAY.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     47.5-68.0':  SAND AND GRAVEL.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     68.0-82.0':  SILT AND SAND.  Description is based on
drilling conditions and cuttings retrieved from ODEX air
discharge line.

     82.0-90.0':  SAND AND GRAVEL.  Description is based
on drilling conditions and cuttings retrieved from ODEX
air discharge line.

     90.0-101.2':  BASALT BLOCK.  Black to reddish gray,
fine grained, dense basalt.  Description is based on
drilling conditions, cuttings retrieved from ODEX air
discharge line and HQ -size core samples.

          96.6-101.2': BASALT.  Black to reddish gray, fine
grained, slightly porphyritic (<5% phenocrysts), dense
basalt.  Moderately to Slightly Weathered (W4).
Extensive oxidation (iron and manganese) on fracture
surfaces and into body of rock.  Hard (H3).  Core
breaks with heavy hammer blow.  Intensely Fractured
(FD7).  Core recovered in lengths from fragments to
0.3', joint surfaces are smooth and planar and dipping
about 45 to 60 degrees from horizontal.

     101.2-102.8':  POORLY GRADED GRAVEL WITH CLAY
AND SAND (GP-GC).  About 70% predominantly fine,
hard, subangular gravel; about 20% fine to coarse, hard,
subangular sand; about 10% fines with mediumH3W4

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine the depth to
the top of bedrock at the
alternate damsite.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis near the
Black Rock Creek channel.

DRILLING EQUIPMENT:
Ingersoll-Rand A-200
truck-mounted rotary drill.

DRILLER:
Chris Peterson

DRILLING METHODS:

0.0-8.0':  Advanced 6-inch
casing with casing hammer
using 6-inch Odex and air  to
remove cuttings.
8.0-17.0':  Advanced 6-inch
casing with 5.5" downhole
hammer and air to remove
cuttings.
17.0-96.5':  Advanced 6-inch
casing with casing hammer
using 6-inch Odex and air to
remove cuttings.
96.5-102.8': Advanced hole
with NQ wireline core barrel
(3.75" I.D.) and diamond bit
using clear water as
circulating fluid.
102.8-106.5:  Advanced
6-inch casing with casing
hammer using 6-inch Odex
and air to remove cuttings.

DRILLING CONDITIONS:
0-58.0':  Slow and rough
58.0-67.0': Fast and smooth
67.0-105':  Slow and rough
105-106.5':  Fast and
smooth

CASING RECORD:
2003 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
12/11 6" 18.0'  18.0'
12/12 6" 48.0'  48.0'
12/13 6" 96.5'  96.5'
12/15 6" 106.5'  106.5'

FLUID COLOR:
0.0-106.5':  None (Drilled
using air).
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LOCATION:   South of Washington State Highway 24
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DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED:   Not Encountered

ANGLE FROM HORIZONTAL:        AZIMUTH:

U
S

B
R

_P
N

_7
  B

LA
C

K
 R

O
C

K
.G

P
J 

 U
S

B
R

_P
N

.G
D

T 
 2

/1
0/

05
 8

:2
7:

41
 A

M

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.



GP-GC

BOTTOM OF HOLE

     plasticity; dry, grayish brown to tan.    Description is
based on HQ -size core sample.

     102.8-106.5':  SAND.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

106.5':  BOTTOM OF HOLE.

FLUID RETURN:
0.0-106.5':  None (Drilled
with air).

WATER LEVEL DURING
DRILLING:
12/12: Dry
12/13: Dry
12/14: Dry
12/15: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling: 40 hrs
Moving 10 hrs

(Travel time not included)

HOLE COMPLETION:
0.0-106.5':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-106.5':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

33
31 GP-GC

     plasticity; dry, grayish brown to tan.    Description is
based on HQ -size core sample.

     102.8-106.5':  SAND.  Description is based on drilling
conditions and cuttings retrieved from ODEX air
discharge line.

106.5':  BOTTOM OF HOLE.

BOTTOM OF HOLE

FLUID RETURN:
0.0-106.5':  None (Drilled
with air).

WATER LEVEL DURING
DRILLING:
12/12: Dry
12/13: Dry
12/14: Dry
12/15: Dry

WATER LEVEL AFTER
DRILLING:
Not measured.

DRILLING TIME:
Drilling: 40 hrs
Moving 10 hrs

(Travel time not included)

HOLE COMPLETION:
0.0-106.5':  Installed and
grouted 4" diameter PVC in
the hole for downhole
geophysical testing.

0.0-106.5':  The 4" PVC was
cut off at ground surface and
backfilled (tremied) with
cement grout after
geophysical logging was
complete.

33
31

HOLE LOGGED BY:   D.Stelma/R. McAffee

ENGINEERING
 PROPERTIES

PROJECT:   Yakima R. Basin Water Storage Feas. Study
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DEPTH TO BEDROCK:   Not Encountered
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REVIEWED BY:   R. A. Link

LOCATION:   South of Washington State Highway 24
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GEOLOGIC LOG OF DRILL HOLE NO.  DH-03-5
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FEATURE:   Black Rock Alternate Damsite STATE:   Washington

BEGUN:   12/11/03    FINISHED:  12/16/03

DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED:   Not Encountered

GROUND ELEVATION:   1285.5
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BUREAU OF RECLAMATION
HOLE NO. DH03-05PROJECT Black Rock

NearGG (CPS)

100 400
FarGG (CPS)

0 500
Density

High to Low0° 0°180°90° 270°
0 220

DENSITY#1

Neutron (CPS)

0 300
Water Content

Moderate to Low0° 0°180°90° 270°
0 200

MOISTURE

GAMMA (CPS)

0 70

Clay Content

Low to Moderate
0° 0°180°90° 270°
0 70

CLAY

Lithology
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SM

(GP)c

SP-SC

SP

(GC)sc

(SC)g

(SC)g

Cobbles

SC

(SM)g

0.0-7.5':  QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
PQ-size core samples and cuttings returned.

7.5-31.7': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on PQ-size core samples and cuttings returned.

     7.5-3`31.7':  POORLY GRADED GRAVEL WITH
COBBLES (GP)c.   About 100%  coarse, hard,
subrounded gravel; dry, black (basalt) with white
coatings (caliche).

     TOTAL SAMPLE (BY VOLUME):  About 40% 3- to
5-inch, hard, subrounded cobbles; remainder minus 3
inch; maximum dimension, 125 mm.

31.7-90.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material is generally well
indurated.  Descriptions are based on PQ-size core
samples.

     31.7-38.0':  POORLY GRADED SAND WITH CLAY
(SP-SC).  About 90% fine to medium, hard, subangular
sand; about 10% fines with medium plasticity; maximum
size, medium sand; dry, tan, homogeneous.

     38.0-39.0':  POORLY GRADED SAND WITH CLAY
(SP-SC).  About 90% fine to medium, hard, subrounded
to subangular sand; about 10% fines with medium
plasticity and medium toughness; maximum size,
medium sand; dry to moist, gray to white, homogenous.

     39.0-43.0':  CLAYEY GRAVEL WITH SAND AND
COBBLES (GC)sc.   About 60% predominantly fine,
hard, subrounded gravel; about 20% fine to coarse, soft
to hard, subrounded sand; about 20% fines with medium
plasticity and medium toughness; dry to moist, reddish
brown, abundant iron oxide, soft weathered medium
sand-sized plagioclase and mafic fragments,
homogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 40% 3- to
5-inch, hard, subrounded cobbles; remainder minus 3
inch; maximum dimension, 100 mm.

     43.0-72.0':  CLAYEY SAND WITH GRAVEL (SC)g.
About 60% fine to coarse, hard, subrounded sand; about
20% fines with medium plasticity and medium
toughness; about 20% fine, hard, subrounded gravel;
maximum size, 20 mm; moist, reddish brown to brown,
abundant iron oxide, scattered tuffaceous clasts
(weathered basalt, cinder, pumice fragments),
homogenous, no reaction with HCl.

      72.0-80.0':  CLAYEY SAND WITH GRAVEL AND
COBBLES (SC)gc.   About 50% fine to coarse, hard,
subrounded sand; about 30% fine, hard, subrounded

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine foundation
stratigraphy and rock
fracturing characteristics for
hydrogeologic testing.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 230 feet north
of Washington State
Highway 24.

DRILLING EQUIPMENT:
Truck mounted
Ingersoll-Rand T-2 Truck
mounted drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-183.0':  Advanced hole
with PQ wireline core barrel
(3.336" I.D.) and diamond bit
using polymer (EZ Mud) as
circulating fluid.  Advanced
6-inch surface casing to
148.0' to stabilize hole and
enhance fluid return.
Attempted to obtain drive
samples (3" I.D.) at 13.2'
and 22.0', both met refusal.
183.0-562.3':  Advanced
hole with HQ wireline core
barrel (2.50" I.D.) and
diamond bit using polymer
(EZ Mud) as circulating fluid.

DRILLING CONDITIONS:
0.0-13.2': Fast and smooth.
13.2-31.7': Slow to fast and
rough.
31.7-75.0': Fast and smooth.
75.0-90.0': Slow and rough.
90.0-120.0': Fast and
smooth.
120.0-145.5': Slow and
rough, blocking.
145.5-180.0': Slow, smooth
and hard with occasional
blocking.
180.0-183.0': Slow and
rough with frequent
blocking.
183.0-211.4': Slow, smooth
and hard.
211.4-255.8': Slow, smooth
to rough with occasional
blocking.
255.8-276.0':  Slow and
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0.0-7.5':  QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small amounts
of fine sand and volcanic ash.  Description is based on
PQ-size core samples and cuttings returned.

7.5-31.7': QUATERNARY ALLUVIUM DEPOSITS (Qh).
Undifferentiated medium to coarse-grained sand with fines,
gravels, cobbles and boulders composed primarily of
basaltic detritus from local sources.  Description is based
on PQ-size core samples and cuttings returned.

     7.5-3`31.7':  POORLY GRADED GRAVEL WITH
COBBLES (GP)c.   About 100%  coarse, hard,
subrounded gravel; dry, black (basalt) with white
coatings (caliche).

     TOTAL SAMPLE (BY VOLUME):  About 40% 3- to
5-inch, hard, subrounded cobbles; remainder minus 3
inch; maximum dimension, 125 mm.

31.7-90.5':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluviolacustrine sand, silt and clay, with layers
of hard, gray to black, angular to subrounded cobbles and
gravels in a matrix of fine to coarse sand and fines near the
middle and base of the unit.  Material is generally well
indurated.  Descriptions are based on PQ-size core
samples.

     31.7-38.0':  POORLY GRADED SAND WITH CLAY
(SP-SC).  About 90% fine to medium, hard, subangular
sand; about 10% fines with medium plasticity; maximum
size, medium sand; dry, tan, homogeneous.

     38.0-39.0':  POORLY GRADED SAND WITH CLAY
(SP-SC).  About 90% fine to medium, hard, subrounded
to subangular sand; about 10% fines with medium
plasticity and medium toughness; maximum size,
medium sand; dry to moist, gray to white, homogenous.

     39.0-43.0':  CLAYEY GRAVEL WITH SAND AND
COBBLES (GC)sc.   About 60% predominantly fine,
hard, subrounded gravel; about 20% fine to coarse, soft
to hard, subrounded sand; about 20% fines with medium
plasticity and medium toughness; dry to moist, reddish
brown, abundant iron oxide, soft weathered medium
sand-sized plagioclase and mafic fragments,
homogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 40% 3- to
5-inch, hard, subrounded cobbles; remainder minus 3
inch; maximum dimension, 100 mm.

     43.0-72.0':  CLAYEY SAND WITH GRAVEL (SC)g.
About 60% fine to coarse, hard, subrounded sand; about
20% fines with medium plasticity and medium
toughness; about 20% fine, hard, subrounded gravel;
maximum size, 20 mm; moist, reddish brown to brown,
abundant iron oxide, scattered tuffaceous clasts
(weathered basalt, cinder, pumice fragments),
homogenous, no reaction with HCl.

      72.0-80.0':  CLAYEY SAND WITH GRAVEL AND
COBBLES (SC)gc.   About 50% fine to coarse, hard,
subrounded sand; about 30% fine, hard, subrounded

All elevations measured
from ground surface and are
same as driller reported.

PURPOSE OF HOLE:
To determine foundation
stratigraphy and rock
fracturing characteristics for
hydrogeologic testing.

DRILL SETUP:
Setup on original ground
along the alternate Black
Rock dam axis
approximately 230 feet north
of Washington State
Highway 24.

DRILLING EQUIPMENT:
Truck mounted
Ingersoll-Rand T-2 Truck
mounted drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-183.0':  Advanced hole
with PQ wireline core barrel
(3.336" I.D.) and diamond bit
using polymer (EZ Mud) as
circulating fluid.  Advanced
6-inch surface casing to
148.0' to stabilize hole and
enhance fluid return.
Attempted to obtain drive
samples (3" I.D.) at 13.2'
and 22.0', both met refusal.
183.0-562.3':  Advanced
hole with HQ wireline core
barrel (2.50" I.D.) and
diamond bit using polymer
(EZ Mud) as circulating fluid.

DRILLING CONDITIONS:
0.0-13.2': Fast and smooth.
13.2-31.7': Slow to fast and
rough.
31.7-75.0': Fast and smooth.
75.0-90.0': Slow and rough.
90.0-120.0': Fast and
smooth.
120.0-145.5': Slow and
rough, blocking.
145.5-180.0': Slow, smooth
and hard with occasional
blocking.
180.0-183.0': Slow and
rough with frequent
blocking.
183.0-211.4': Slow, smooth
and hard.
211.4-255.8': Slow, smooth
to rough with occasional
blocking.
255.8-276.0':  Slow and
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LOCATION:   North of Washington State Highway 24
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HOLE LOGGED BY:   Stelma/McAffee/Lyon

ENGINEERING
 PROPERTIES

PROJECT:   Yakima R. Basin Water Storage Feas. Study

C
LA

S
S

IF
IC

A
T

IO
N

G
R

A
P

H
IC

H
A

R
D

N
E

S
S
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COORDINATES:    N 439,357.5    E 1,790,476.4
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FEATURE:   Black Rock Alternate Damsite
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REVIEWED BY:   R. A. Link

GROUND ELEVATION:   1347.4
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AND PHYSICAL CONDITION

SHEET   1   OF   9

NOTES

STATE:   Washington

BEGUN:   1/30/04    FINISHED:  3/31/04

DEPTH AND ELEV OF WATER

LEVEL AND DATE MEASURED:   190.9   (1156.45)  3/31/04

ANGLE FROM HORIZONTAL:        AZIMUTH:
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington, Prepared
for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated February 12, 2004.

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999.
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      gravel; about 20% fines with medium plasticity and
medium toughness; moist, reddish brown, abundant iron
oxide, homogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 20% 3- to
5-inch, hard, surbrounded cobbles; remainder minus 3
inch; maximum dimension, 100 mm.

     80.0-90.5':  COBBLES WITH CLAYEY SAND.  TOTAL
SAMPLE (BY VOLUME):  About 70% 3- to 5-inch, hard,
surbrounded cobbles; about 20% 6- to 12-inch, hard,
surbrounded cobbles; remainder minus 3 inch; maximum
dimension, 150 mm.

     MINUS 3-inch FRACTION (BY VOLUME):  About 80%
fine to coarse, hard, subrounded sand; about 20% fines
with medium plasticity and medium toughness; brown,
abundant iron oxide, homogeneous, no reaction with
HCl.

90.5-118.5':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) of the Miocene Ellensburg Formation.
Unconsolidated gravel, sand and cobbles with silt and clay.
Black, gray to mottled, weathered basalt and tuffaceous
sediments (?).   Descriptions are based on PQ-size core
samples.

     90.5-95.0':  CLAYEY SAND (SC).  About 60% fine to
medium, hard, subrounded sand; about 40% fines with
medium plasticity and medium toughness; maximum
size, medium sand; moist, gray to tan, blocky structure,
firm to dense, homogenous, no reaction with HCl.

     95.0-104.0':  SILTY SAND WITH GRAVEL (SM)g.  About
70% fine to medium, hard, subrounded to subangular
sand; about 20% fines with medium plasticity and
medium toughness; about 10% fine, hard, subangular
gravel; maximum size, medium sand; moist, gray,
scattered white and yellow stringers of weathered
plagioclase (pasty texture), traces of caliche,
homogenous, firm to dense; weak reaction with HCl.

     104.0-118.5':  SILTSTONE (TUFFACEOUS).  Reworked
pumicite.  Fine to medium grained, heterogenous, well
indurated silt to medium-sand sized lithic fragments,
pumice and ash. Intensely Weathered, material is
altering to clay, core scratches with light to moderate
knife pressure.

118.5-254.8':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on PQ and HQ-size core samples.

    118.5-132.0':  INVASIVE FLOW TOP (PEPERITE)
CONSISTING OF SELAH INTERBED (Ts) of the
Ellensburg Formation.  Pumicite material rafted to the top
of the Pomona Basalt, composed of reddish orange,
black to gray, moderately soft tuffaceous clay, silt, sand
and gravel.  Descriptions are based on HQ-size core
samples.

     118.5-120.0':  SILTY GRAVEL WITH SAND (GM)s
(Pumicite).  About 50% fine to coarse, hard, angular
gravel; about 30% medium to coarse, hard, angular
sand; about 20% fines with low plasticity; maximum size,
75 mm; moist, greenish yellow to reddish brown
(mottled), abundant iron oxide, clasts composed of
moderately weathered, dense to slightly vesicular basalt,
chert nodules, cinder and pumice, heterogenous, no
reaction with HCl.

     120.0-132.0':  CLAYEY GRAVEL WITH SAND AND
COBBLES (GC)sc (Pumicite).  About 50% fine to coarse,
hard, angular gravel; about 30% medium to coarse, hard,
angular sand; about 20% fines with medium plasticity;
maximum size, 75 mm; moist, greenish yellow to reddish

smooth.
276.0-303.2':  Slow and
smooth to rough with
occasional blocking.
303.2-421.5':  Slow, smooth
and hard.
421.5-431.5':  Slow and
smooth to rough with
occasional blocking.
431.5-451.5':  Slow, smooth
and hard.
451.5-471.2':  Slow and
smooth to rough with
occasional blocking.
471.2-494.0':  Slow, smooth
and moderatley hard.
494.0-500.0':  Fast, smooth
and moderately rough.
500.0-555.8':  Slow and
smooth with occasional
blocking.
555.8-562.3':  Slow, smooth
and hard.

CASING RECORD:
2004 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
01/30 6"  19.8'  N/A
01/31 6"  19.8'  12.5'
02/02 6"  22.4'  22.0'
02/03 6"  31.7'  31.7'
02/04 6"  50.5'  31.7'
02/05 6"  50.5'  51.5'
02/06 6"  80.0'  51.5'
02/07 6" 105.0'  51.5'
02/09 6" 130.7'  51.5'
02/10 6" 132.0'  81.5'
02/11 6" 132.0' 132.0'
02/18 6" 142.5' 132.0'
02/19 6" 152.4' 142.0'
02/20 6" 155.0' 148.0'
02/21 6" 175.0' 148.0'
02/23 6" 183.0' 148.0'
02/24 4" 211.4' 183.0'
02/25 4" 238.2' 183.0'
02/26 4" 252.0' 183.0'
02/27 4" 271.4' 183.0'
02/28 4" 289.7' 183.0'
03/01 4" 310.3' 183.0'
03/02 4" 340.4' 183.0'
03/03 4" 358.2' 183.0'
03/09 4" 385.6' 183.0'
03/10 4" 411.5' 183.0'
03/11 4" 441.5' 183.0'
03/12 4" 469.6' 183.0'
03/13 4" 488.8' 183.0'
03/15 4" 509.6' 183.0'
03/16 4" 539.6' 183.0'
03/17 4" 562.3' 183.0'

FLUID COLOR:
0.0-562.3': Drill mud (EZ
mud with Diamond Seal).

FLUID RETURN:
0.0-12.5': 100%
12.5-22.0': 75%
22.0-27.0': 80%
27.0-31.7': 90%
31.7-75.0': 100%
75.0-80.0': 95%
80.0-105.0': 100%
105.0-120.0': 95%
120.0-125.0': 100%
125.0-130.0': 70%
130.0-142.5': 0%
142.5-152.4': 97%
152.4-155.0': 80%
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      gravel; about 20% fines with medium plasticity and
medium toughness; moist, reddish brown, abundant iron
oxide, homogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 20% 3- to
5-inch, hard, surbrounded cobbles; remainder minus 3
inch; maximum dimension, 100 mm.

     80.0-90.5':  COBBLES WITH CLAYEY SAND.  TOTAL
SAMPLE (BY VOLUME):  About 70% 3- to 5-inch, hard,
surbrounded cobbles; about 20% 6- to 12-inch, hard,
surbrounded cobbles; remainder minus 3 inch; maximum
dimension, 150 mm.

     MINUS 3-inch FRACTION (BY VOLUME):  About 80%
fine to coarse, hard, subrounded sand; about 20% fines
with medium plasticity and medium toughness; brown,
abundant iron oxide, homogeneous, no reaction with
HCl.

90.5-118.5':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) of the Miocene Ellensburg Formation.
Unconsolidated gravel, sand and cobbles with silt and clay.
Black, gray to mottled, weathered basalt and tuffaceous
sediments (?).   Descriptions are based on PQ-size core
samples.

     90.5-95.0':  CLAYEY SAND (SC).  About 60% fine to
medium, hard, subrounded sand; about 40% fines with
medium plasticity and medium toughness; maximum
size, medium sand; moist, gray to tan, blocky structure,
firm to dense, homogenous, no reaction with HCl.

     95.0-104.0':  SILTY SAND WITH GRAVEL (SM)g.  About
70% fine to medium, hard, subrounded to subangular
sand; about 20% fines with medium plasticity and
medium toughness; about 10% fine, hard, subangular
gravel; maximum size, medium sand; moist, gray,
scattered white and yellow stringers of weathered
plagioclase (pasty texture), traces of caliche,
homogenous, firm to dense; weak reaction with HCl.

     104.0-118.5':  SILTSTONE (TUFFACEOUS).  Reworked
pumicite.  Fine to medium grained, heterogenous, well
indurated silt to medium-sand sized lithic fragments,
pumice and ash. Intensely Weathered, material is
altering to clay, core scratches with light to moderate
knife pressure.

118.5-254.8':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.   Descriptions are
based on PQ and HQ-size core samples.

    118.5-132.0':  INVASIVE FLOW TOP (PEPERITE)
CONSISTING OF SELAH INTERBED (Ts) of the
Ellensburg Formation.  Pumicite material rafted to the top
of the Pomona Basalt, composed of reddish orange,
black to gray, moderately soft tuffaceous clay, silt, sand
and gravel.  Descriptions are based on HQ-size core
samples.

     118.5-120.0':  SILTY GRAVEL WITH SAND (GM)s
(Pumicite).  About 50% fine to coarse, hard, angular
gravel; about 30% medium to coarse, hard, angular
sand; about 20% fines with low plasticity; maximum size,
75 mm; moist, greenish yellow to reddish brown
(mottled), abundant iron oxide, clasts composed of
moderately weathered, dense to slightly vesicular basalt,
chert nodules, cinder and pumice, heterogenous, no
reaction with HCl.

     120.0-132.0':  CLAYEY GRAVEL WITH SAND AND
COBBLES (GC)sc (Pumicite).  About 50% fine to coarse,
hard, angular gravel; about 30% medium to coarse, hard,
angular sand; about 20% fines with medium plasticity;
maximum size, 75 mm; moist, greenish yellow to reddish

H3W3

smooth.
276.0-303.2':  Slow and
smooth to rough with
occasional blocking.
303.2-421.5':  Slow, smooth
and hard.
421.5-431.5':  Slow and
smooth to rough with
occasional blocking.
431.5-451.5':  Slow, smooth
and hard.
451.5-471.2':  Slow and
smooth to rough with
occasional blocking.
471.2-494.0':  Slow, smooth
and moderatley hard.
494.0-500.0':  Fast, smooth
and moderately rough.
500.0-555.8':  Slow and
smooth with occasional
blocking.
555.8-562.3':  Slow, smooth
and hard.

CASING RECORD:
2004 Cs Depth Depth
Date Sz  Hole   Cs
------------------------
01/30 6"  19.8'  N/A
01/31 6"  19.8'  12.5'
02/02 6"  22.4'  22.0'
02/03 6"  31.7'  31.7'
02/04 6"  50.5'  31.7'
02/05 6"  50.5'  51.5'
02/06 6"  80.0'  51.5'
02/07 6" 105.0'  51.5'
02/09 6" 130.7'  51.5'
02/10 6" 132.0'  81.5'
02/11 6" 132.0' 132.0'
02/18 6" 142.5' 132.0'
02/19 6" 152.4' 142.0'
02/20 6" 155.0' 148.0'
02/21 6" 175.0' 148.0'
02/23 6" 183.0' 148.0'
02/24 4" 211.4' 183.0'
02/25 4" 238.2' 183.0'
02/26 4" 252.0' 183.0'
02/27 4" 271.4' 183.0'
02/28 4" 289.7' 183.0'
03/01 4" 310.3' 183.0'
03/02 4" 340.4' 183.0'
03/03 4" 358.2' 183.0'
03/09 4" 385.6' 183.0'
03/10 4" 411.5' 183.0'
03/11 4" 441.5' 183.0'
03/12 4" 469.6' 183.0'
03/13 4" 488.8' 183.0'
03/15 4" 509.6' 183.0'
03/16 4" 539.6' 183.0'
03/17 4" 562.3' 183.0'

FLUID COLOR:
0.0-562.3': Drill mud (EZ
mud with Diamond Seal).

FLUID RETURN:
0.0-12.5': 100%
12.5-22.0': 75%
22.0-27.0': 80%
27.0-31.7': 90%
31.7-75.0': 100%
75.0-80.0': 95%
80.0-105.0': 100%
105.0-120.0': 95%
120.0-125.0': 100%
125.0-130.0': 70%
130.0-142.5': 0%
142.5-152.4': 97%
152.4-155.0': 80%
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HOLE LOGGED BY:   Stelma/McAffee/Lyon

ENGINEERING
 PROPERTIES

PROJECT:   Yakima R. Basin Water Storage Feas. Study
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REVIEWED BY:   R. A. Link

LOCATION:   North of Washington State Highway 24
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GEOLOGIC LOG OF DRILL HOLE NO.  DH-04-1
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Claystone

Siltstone

(GC)s

FD5

FD7

FD5

FD6

FD9

FD6

FD3

FD6

FD3

FD7

FD6

FD9

FD2

FD7

FD3

W7

H5

H6

H4

H4

     brown (mottled), abundant iron oxide, clasts composed
of moderately weathered (palagonite on surfaces) dense
to slightly vesicular basalt, chert nodules, cinder and
pumice, heterogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 30% 3- to
5-inch, hard, angular cobbles; remainder minus 3 inch;
maximum dimension, 100 mm.

    132.0-145.3':  ALTERED UPPER FLOW CONTACT.
POORLY GRADED GRAVEL (GP).  About 100%
predominantly fine, hard, subrounded to subangular
gravel; dry to moist, gray, clasts composed of slightly
weathered (palagonite on surfaces) glassy basalt.
Description is based on HQ-size core samples.

     145.3-150.8':  BASALT.  Black to gray, fine grained,
slightly to moderately vesicular basalt.  Most vesicles 1/4
to 1/2",  largest 1-1/2" across, coated or filled with soft
clay.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from 0.1 to
0.4', mostly in lengths less than 0.3', joints are mostly
horizontal with rough and irregular surfaces.  Prior to
removal from core barrel (undisturbed) the joints were
mostly tight to slightly open.

         Magnetic Polarity on Sample at 150.0': Reverse.

     150.8-160.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.6', mostly in lengths less than 0.3', joints
dip 45 to 60 degrees, surfaces range from smooth and
planar to rough and irregular.  Prior to removal from core
barrel (undisturbed) the joints were mostly tight to slightly
open.

     160.0-170.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely to
Intensely Fractured (FD8).  Core recovered in lengths
from fragments to 0.4', mostly in lengths less than 0.3', a
single subvertical joint (with associated horizontal joints)
runs the entire length of the interval, the subvertical joint
surface ranges from smooth and planar to rough and
irregular.  Prior to removal from core barrel (undisturbed)
the joints were mostly tight to slightly open.

     170.0-180.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.6', mostly in lengths less than 0.3', the
joint surfaces range from smooth and planar to rough
and irregular.  Prior to removal from core barrel
(undisturbed) the joints were mostly tight to slightly open.

     180.0-183.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely
Fractured (FD9).  Core recovered mostly as fragments, a
single subvertical joint (with associated horizontal joints)
runs the entire length of the interval, the subvertical joint
surface is rough and irregular and coated with iron and
manganese oxide.  Prior to removal from core barrel
(undisturbed) the joints were mostly tight to slightly open.

     183.0-201.4':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-3 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and

155.0-165.0': 95%
165.0-221.4': 100%
221.4-230.1': 95%
230.1-271.4': 100%
271.4-275.1': 70%
275.1-283.1': 90%
283.1-297.7': 85%
297.7-298.4': 80%
298.4-300.3': 75%
300.3-310.3': 90%
310.3-320.4': 85%
320.4-340.4': 70%
340.4-349.4': 75%
349.4-358.2': 70%
358.2-361.5': 75%
361.5-381.5': 80%
381.5-391.5': 85%
391.5-421.5': 90%
421.5-426.6': 80%
426.6-469.6': 90%
469.6-561.6': 95%
561.6-562.3':  0%

WATER LEVEL DURING
DRILLING:
(Drill fluid level from ground
surface at start of shift)

Date   Fluid Level
01/31      Dry
02/02      8.2'
02/03     10.2'
02/04      0.0'
02/05     +3.9'
02/06      4.6'
02/07      4.7'
02/09     22.4'
02/10     95.4'
02/11      Dry
02/18      Dry
02/19    135.9'
02/20      1.9'
02/21     69.6'
02/23      0.0'
02/24      0.8'
02/25     +2.3'
02/26      1.1'
02/27     20.3'
02/28    136.7'
03/01    121.3'
03/02    122.9'
03/03    192.1'
03/09    192.2'
03/10    115.2'
03/11     94.5'
03/12     40.2'
03/13      7.8'
03/15     21.6'
03/16     20.4'
03/17      Dry

WATER LEVEL AFTER
DRILLING:
3/30: 203.3' (el. 1144.1)
3/31: 190.9' (el. 1156.5)
4/02: 192.8' (el. 1154.6)

DRILLING TIME:
Drilling  390 hrs.
Moving: 20 hrs.

(Travel time not included)

HOLE COMPLETION:
0.0-18.0':  Bentonite and
cement surface seal.
18.0-118.0':  Pea gravel.
118.0-183.0': Grout (cement)
seal.
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     brown (mottled), abundant iron oxide, clasts composed
of moderately weathered (palagonite on surfaces) dense
to slightly vesicular basalt, chert nodules, cinder and
pumice, heterogenous, no reaction with HCl.

     TOTAL SAMPLE (BY VOLUME):  About 30% 3- to
5-inch, hard, angular cobbles; remainder minus 3 inch;
maximum dimension, 100 mm.

    132.0-145.3':  ALTERED UPPER FLOW CONTACT.
POORLY GRADED GRAVEL (GP).  About 100%
predominantly fine, hard, subrounded to subangular
gravel; dry to moist, gray, clasts composed of slightly
weathered (palagonite on surfaces) glassy basalt.
Description is based on HQ-size core samples.

     145.3-150.8':  BASALT.  Black to gray, fine grained,
slightly to moderately vesicular basalt.  Most vesicles 1/4
to 1/2",  largest 1-1/2" across, coated or filled with soft
clay.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from 0.1 to
0.4', mostly in lengths less than 0.3', joints are mostly
horizontal with rough and irregular surfaces.  Prior to
removal from core barrel (undisturbed) the joints were
mostly tight to slightly open.

         Magnetic Polarity on Sample at 150.0': Reverse.

     150.8-160.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.6', mostly in lengths less than 0.3', joints
dip 45 to 60 degrees, surfaces range from smooth and
planar to rough and irregular.  Prior to removal from core
barrel (undisturbed) the joints were mostly tight to slightly
open.

     160.0-170.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely to
Intensely Fractured (FD8).  Core recovered in lengths
from fragments to 0.4', mostly in lengths less than 0.3', a
single subvertical joint (with associated horizontal joints)
runs the entire length of the interval, the subvertical joint
surface ranges from smooth and planar to rough and
irregular.  Prior to removal from core barrel (undisturbed)
the joints were mostly tight to slightly open.

     170.0-180.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.6', mostly in lengths less than 0.3', the
joint surfaces range from smooth and planar to rough
and irregular.  Prior to removal from core barrel
(undisturbed) the joints were mostly tight to slightly open.

     180.0-183.0':  BASALT.  Black to gray, fine grained,
dense basalt.  Slightly Weathered (W3).  Oxidation (iron
and manganese) limited to fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely
Fractured (FD9).  Core recovered mostly as fragments, a
single subvertical joint (with associated horizontal joints)
runs the entire length of the interval, the subvertical joint
surface is rough and irregular and coated with iron and
manganese oxide.  Prior to removal from core barrel
(undisturbed) the joints were mostly tight to slightly open.

     183.0-201.4':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-3 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and

H5

H6

H4

H4

W7

155.0-165.0': 95%
165.0-221.4': 100%
221.4-230.1': 95%
230.1-271.4': 100%
271.4-275.1': 70%
275.1-283.1': 90%
283.1-297.7': 85%
297.7-298.4': 80%
298.4-300.3': 75%
300.3-310.3': 90%
310.3-320.4': 85%
320.4-340.4': 70%
340.4-349.4': 75%
349.4-358.2': 70%
358.2-361.5': 75%
361.5-381.5': 80%
381.5-391.5': 85%
391.5-421.5': 90%
421.5-426.6': 80%
426.6-469.6': 90%
469.6-561.6': 95%
561.6-562.3':  0%

WATER LEVEL DURING
DRILLING:
(Drill fluid level from ground
surface at start of shift)

Date   Fluid Level
01/31      Dry
02/02      8.2'
02/03     10.2'
02/04      0.0'
02/05     +3.9'
02/06      4.6'
02/07      4.7'
02/09     22.4'
02/10     95.4'
02/11      Dry
02/18      Dry
02/19    135.9'
02/20      1.9'
02/21     69.6'
02/23      0.0'
02/24      0.8'
02/25     +2.3'
02/26      1.1'
02/27     20.3'
02/28    136.7'
03/01    121.3'
03/02    122.9'
03/03    192.1'
03/09    192.2'
03/10    115.2'
03/11     94.5'
03/12     40.2'
03/13      7.8'
03/15     21.6'
03/16     20.4'
03/17      Dry

WATER LEVEL AFTER
DRILLING:
3/30: 203.3' (el. 1144.1)
3/31: 190.9' (el. 1156.5)
4/02: 192.8' (el. 1154.6)

DRILLING TIME:
Drilling  390 hrs.
Moving: 20 hrs.

(Travel time not included)

HOLE COMPLETION:
0.0-18.0':  Bentonite and
cement surface seal.
18.0-118.0':  Pea gravel.
118.0-183.0': Grout (cement)
seal.
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Basalt

FD7

FD4

FD3

FD4

W3

W4

W2

H3

H5

H3

     manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.6', mostly in lengths less than 0.4',
the joint surfaces are mostly smooth and planar to
irregular.  Prominent subvertical joints were observed
from 190.0-191.1', 191.7-194.0' and 192.3-195.3'.  Prior
to removal from core barrel (undisturbed) the joints were
mostly tight to slightly open.

     201.4-210.7':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from
fragments to 1.7', mostly in lengths less than 0.7', the
joint surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling,  A single subvertical joint was
observed from 208.0-209.3'.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.

         Magnetic Polarity on Sample at 201.4': Reverse.

     210.7-216.5':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', the
joint surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling,  A single subvertical joint was
observed extending through the entire interval.  Prior to
removal from core barrel (undisturbed) the joints were
tight to slightly open.

     216.5-222.2':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from 0.2 to
0.9', mostly in lengths of 0.7', the joint surfaces are
mostly smooth and planar to irregular.  Numerous joints
were weakly rehealed (silica), but separated upon
handling.    Prior to removal from core barrel
(undisturbed) the joints were tight to slightly open.

     222.2-224.4':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.3', joint surfaces are mostly smooth and
planar to irregular and coated with brownish-red clay.
Prior to removal from core barrel (undisturbed) the joints
were tight to slightly open.

     224.4-228.1':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3)..
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from 0.4 to

183.0-256.0':  Bentonite
seal.
256.0-266.0':  Filter sand.
266.0-286.0':  Slotted pipe
(.020") with 1" diameter pvc
riser and filter sand (#8-12).
286.0-288.0':  Filter sand.
288.0-562.3':  Bentonite
seal.

Note:  Downhole
geophysical testing was
performed prior to extraction
of core drilling rods.
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     manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.6', mostly in lengths less than 0.4',
the joint surfaces are mostly smooth and planar to
irregular.  Prominent subvertical joints were observed
from 190.0-191.1', 191.7-194.0' and 192.3-195.3'.  Prior
to removal from core barrel (undisturbed) the joints were
mostly tight to slightly open.

     201.4-210.7':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from
fragments to 1.7', mostly in lengths less than 0.7', the
joint surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling,  A single subvertical joint was
observed from 208.0-209.3'.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.

         Magnetic Polarity on Sample at 201.4': Reverse.

     210.7-216.5':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.4', mostly in lengths less than 0.3', the
joint surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling,  A single subvertical joint was
observed extending through the entire interval.  Prior to
removal from core barrel (undisturbed) the joints were
tight to slightly open.

     216.5-222.2':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from 0.2 to
0.9', mostly in lengths of 0.7', the joint surfaces are
mostly smooth and planar to irregular.  Numerous joints
were weakly rehealed (silica), but separated upon
handling.    Prior to removal from core barrel
(undisturbed) the joints were tight to slightly open.

     222.2-224.4':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely
Fractured (FD7).  Core recovered in lengths from
fragments to 0.3', joint surfaces are mostly smooth and
planar to irregular and coated with brownish-red clay.
Prior to removal from core barrel (undisturbed) the joints
were tight to slightly open.

     224.4-228.1':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3)..
Core breaks with heavy hammer blow.  Moderately
Fractured (FD5).  Core recovered in lengths from 0.4 to
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183.0-256.0':  Bentonite
seal.
256.0-266.0':  Filter sand.
266.0-286.0':  Slotted pipe
(.020") with 1" diameter pvc
riser and filter sand (#8-12).
286.0-288.0':  Filter sand.
288.0-562.3':  Bentonite
seal.

Note:  Downhole
geophysical testing was
performed prior to extraction
of core drilling rods.
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     1.1', mostly in lengths of 0.8', the joint surfaces are
mostly smooth and planar to irregular.  Numerous joints
were weakly rehealed (silica), but separated upon
handling.    Prior to removal from core barrel
(undisturbed) the joints were tight to slightly open.

     228.1-242.3':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.6',  joint surfaces are mostly smooth
and planar to irregular.  Numerous joints were weakly
rehealed (silica), but separated upon handling,
Prominent subvertical joints were observed from
228.1-232.2' and 232.3-236.9'.  Prior to removal from
core barrel (undisturbed) the joints were tight to slightly
open.

     242.3-251.4':  BASALT (Poor Recovery).  Black to gray
basalt, mostly fine grained with plagioclase phenocrysts
up to 1-2 mm diameter.  Phenocrysts comprise less than
5% of the rock.  Slightly Weathered (W3).  Oxidation
(iron and manganese) limited to fracture surfaces,
phenocrysts are soft and discolored to a grayish white
color.  Hard (H3).  Core breaks with heavy hammer blow.
Very Intensely Fractured (FD9).  Core recovered in
lengths from fragments to 0.4', mostly fragments, the
joint surfaces are mostly smooth and planar to irregular.

     251.4-254.8':  BASALT.  Black to gray basalt, mostly
fine-grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.   Fairly sharp contact with underlying claystone.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.9', mostly less than 0.4', the joint
surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.

254.8-277.1':  SELAH INTERBED (Ts) of the Miocene
Ellensburg Formation.  Reddish orange, black to gray,
moderately soft tuffaceous siltstone and claystone.
Descriptions are based on HQ-size core samples.

     255.8-258.2':  TUFFACEOUS CLAYSTONE.  Fine to
medium grained, reddish orange to greenish yellow,
heterogenous, well indurated clay-size to medium
sand-sized lithic fragments, pumice, ash and chert.
Intensely Weathered (W7).  Material has been thermally
altered and oxidized.  Moderately Soft (H5).  Core
scratches with light to moderate knife pressure.  Slightly
Fractured (FD3).  Core recovered mostly in lengths from
1.0 to 3.0'.

     258.2-263.0':  TUFFACEOUS SILTSTONE AND
SANDSTONE .  Fine to medium grained, black,
heterogenous, well indurated silt-size to medium
sand-sized lithic fragments, pumice, ash and chert.
Intensely Weathered (W7).  Material has been thermally
altered and oxided.  Soft (H6).  Core breaks with light
manual pressure.  Intensely to Moderately Fractured
(FD6).  Core recovered in lengths from fragments to 0.8'',
and mostly in lengths less than 0.4'.

     263.0-273.6':  TUFFACEOUS SILTSTONE AND
SANDSTONE.  Fine to medium grained, white to light
brown and gray (mottled), heterogenous, well indurated
silt-size to coarse sand-sized (5 mm) lithic fragments,
pumice, ash and chert.  Intensely Weathered (W7).
Abundant calcium carbonate nodules and stringers
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     1.1', mostly in lengths of 0.8', the joint surfaces are
mostly smooth and planar to irregular.  Numerous joints
were weakly rehealed (silica), but separated upon
handling.    Prior to removal from core barrel
(undisturbed) the joints were tight to slightly open.

     228.1-242.3':  BASALT.  Black to gray basalt, mostly fine
grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.  Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.6',  joint surfaces are mostly smooth
and planar to irregular.  Numerous joints were weakly
rehealed (silica), but separated upon handling,
Prominent subvertical joints were observed from
228.1-232.2' and 232.3-236.9'.  Prior to removal from
core barrel (undisturbed) the joints were tight to slightly
open.

     242.3-251.4':  BASALT (Poor Recovery).  Black to gray
basalt, mostly fine grained with plagioclase phenocrysts
up to 1-2 mm diameter.  Phenocrysts comprise less than
5% of the rock.  Slightly Weathered (W3).  Oxidation
(iron and manganese) limited to fracture surfaces,
phenocrysts are soft and discolored to a grayish white
color.  Hard (H3).  Core breaks with heavy hammer blow.
Very Intensely Fractured (FD9).  Core recovered in
lengths from fragments to 0.4', mostly fragments, the
joint surfaces are mostly smooth and planar to irregular.

     251.4-254.8':  BASALT.  Black to gray basalt, mostly
fine-grained with plagioclase phenocrysts up to 1-2 mm
diameter.  Phenocrysts comprise less than 5% of the
rock.   Fairly sharp contact with underlying claystone.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces, phenocrysts are
soft and discolored to a grayish white color.  Hard (H3).
Core breaks with heavy hammer blow.  Intensely to
Moderately Fractured (FD6).  Core recovered in lengths
from fragments to 0.9', mostly less than 0.4', the joint
surfaces are mostly smooth and planar to irregular.
Numerous joints were weakly rehealed (silica), but
separated upon handling.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.

254.8-277.1':  SELAH INTERBED (Ts) of the Miocene
Ellensburg Formation.  Reddish orange, black to gray,
moderately soft tuffaceous siltstone and claystone.
Descriptions are based on HQ-size core samples.

     255.8-258.2':  TUFFACEOUS CLAYSTONE.  Fine to
medium grained, reddish orange to greenish yellow,
heterogenous, well indurated clay-size to medium
sand-sized lithic fragments, pumice, ash and chert.
Intensely Weathered (W7).  Material has been thermally
altered and oxidized.  Moderately Soft (H5).  Core
scratches with light to moderate knife pressure.  Slightly
Fractured (FD3).  Core recovered mostly in lengths from
1.0 to 3.0'.

     258.2-263.0':  TUFFACEOUS SILTSTONE AND
SANDSTONE .  Fine to medium grained, black,
heterogenous, well indurated silt-size to medium
sand-sized lithic fragments, pumice, ash and chert.
Intensely Weathered (W7).  Material has been thermally
altered and oxided.  Soft (H6).  Core breaks with light
manual pressure.  Intensely to Moderately Fractured
(FD6).  Core recovered in lengths from fragments to 0.8'',
and mostly in lengths less than 0.4'.

     263.0-273.6':  TUFFACEOUS SILTSTONE AND
SANDSTONE.  Fine to medium grained, white to light
brown and gray (mottled), heterogenous, well indurated
silt-size to coarse sand-sized (5 mm) lithic fragments,
pumice, ash and chert.  Intensely Weathered (W7).
Abundant calcium carbonate nodules and stringers
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     present due to extensive leaching and solutioning of rock
(strong reaction with HCl).  Moderately Hard (H4).  Core
breaks with heavy manual pressure.  Slightly Fractured
(FD3).  Core recovered mostly in lengths from 1.0 to 2.0'.
Possible brecciated zone.  Slickensides (striations)
noted on joint surfaces at 271.6', 271.9', 272.5', 272.7'
272.8' and 273.0'.

     273.6-277.1':  TUFFACEOUS CLAYEY GRAVEL WITH
SAND (GC)s.   About 70% fine, moderately soft, angular
sand; about 20% fines with medium plasticity; about
10% fine, moderately soft, angular gravel;  moist, brown
to dark brown, clasts composed of chert and claystone.
Slickensides (striations) noted on joint surface at 273.8'.

279.4-467.0':  ESQUATZEL/UMATILLA
UNDIFFERENTIATED MEMBERS (Teq/Tum) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG.  Black to gray, hard, mostly fine
grained dense basalt.   Descriptions are based on HQ-size
core samples.

     276.0-277.1':  BASALT.  Black to gray, mostly fine
grained, dense basalt. Fairly sharp contact with overlying
sediment.  Moderately Weathered (W3).  Extensive
oxidation (iron and manganese) and clay deposits on
fracture surfaces, body of rock is weakened by
weathering.  Moderately Hard (H4).  Core breaks with
moderate hammer blow.  Intensely Fractured (FD7).
Core recovered in lengths from fragments to 1.0', mostly
less than 0.3', the joint surfaces are mostly smooth and
planar to irregular.

     277.1-295.9':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly vesicular from
287.5-289.7.  Slightly Weathered (W3).  Oxidation (iron
and manganese) and coatings limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely to Moderately Fractured (FD6).  Core
recovered in lengths from fragments to 0.9, and mostly in
lengths greater than 0.5', the joint surfaces are mostly
smooth and planar to irregular.  Prominent vertical joint
and associated fracture zone from 290.2-293.0'.
Numerous joints were weakly rehealed (silica), but
separated upon handling.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.
Slickensides (poorly defined striations) noted on
subvertical joint surface from 287.5-289.7', surface is
extensively oxidized with abundant clayey material.

         Magnetic Polarity on Sample at 285.5': Normal.

     295.9-303.2':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Extensive oxidation (iron and manganese) and greenish
yellow clay coatings on fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely
Fractured (FD9).  Core recovered mostly as fragments,
fracture surfaces are mostly smooth and planar to
irregula .  Prior to removal from core barrel (undisturbed)
the joints were tight to slightly open.

     303.2-322.6':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Fresh to Slightly Weathered
(W2).  Minor oxidation (iron and manganese) limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly to Very Slightly Fractured (FD2).
Core recovered in lengths ranging from 0.4' to 4.0',
mostly in lengths greater than 3.0', fracture surfaces are
mostly smooth and irregular to smooth and planar.  Prior
to removal from core barrel (undisturbed) the joints were
mostly tight.

     322.6-326.7':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely Fractured (FD7).  Core recovered in
lengths from fragments to 1.7', mostly in lengths less

     present due to extensive leaching and solutioning of rock
(strong reaction with HCl).  Moderately Hard (H4).  Core
breaks with heavy manual pressure.  Slightly Fractured
(FD3).  Core recovered mostly in lengths from 1.0 to 2.0'.
Possible brecciated zone.  Slickensides (striations)
noted on joint surfaces at 271.6', 271.9', 272.5', 272.7'
272.8' and 273.0'.

     273.6-277.1':  TUFFACEOUS CLAYEY GRAVEL WITH
SAND (GC)s.   About 70% fine, moderately soft, angular
sand; about 20% fines with medium plasticity; about
10% fine, moderately soft, angular gravel;  moist, brown
to dark brown, clasts composed of chert and claystone.
Slickensides (striations) noted on joint surface at 273.8'.

279.4-467.0':  ESQUATZEL/UMATILLA
UNDIFFERENTIATED MEMBERS (Teq/Tum) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG.  Black to gray, hard, mostly fine
grained dense basalt.   Descriptions are based on HQ-size
core samples.

     276.0-277.1':  BASALT.  Black to gray, mostly fine
grained, dense basalt. Fairly sharp contact with overlying
sediment.  Moderately Weathered (W3).  Extensive
oxidation (iron and manganese) and clay deposits on
fracture surfaces, body of rock is weakened by
weathering.  Moderately Hard (H4).  Core breaks with
moderate hammer blow.  Intensely Fractured (FD7).
Core recovered in lengths from fragments to 1.0', mostly
less than 0.3', the joint surfaces are mostly smooth and
planar to irregular.

     277.1-295.9':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly vesicular from
287.5-289.7.  Slightly Weathered (W3).  Oxidation (iron
and manganese) and coatings limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely to Moderately Fractured (FD6).  Core
recovered in lengths from fragments to 0.9, and mostly in
lengths greater than 0.5', the joint surfaces are mostly
smooth and planar to irregular.  Prominent vertical joint
and associated fracture zone from 290.2-293.0'.
Numerous joints were weakly rehealed (silica), but
separated upon handling.  Prior to removal from core
barrel (undisturbed) the joints were tight to slightly open.
Slickensides (poorly defined striations) noted on
subvertical joint surface from 287.5-289.7', surface is
extensively oxidized with abundant clayey material.

         Magnetic Polarity on Sample at 285.5': Normal.

     295.9-303.2':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Extensive oxidation (iron and manganese) and greenish
yellow clay coatings on fracture surfaces.  Hard (H3).
Core breaks with heavy hammer blow.  Very Intensely
Fractured (FD9).  Core recovered mostly as fragments,
fracture surfaces are mostly smooth and planar to
irregula .  Prior to removal from core barrel (undisturbed)
the joints were tight to slightly open.

     303.2-322.6':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Fresh to Slightly Weathered
(W2).  Minor oxidation (iron and manganese) limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly to Very Slightly Fractured (FD2).
Core recovered in lengths ranging from 0.4' to 4.0',
mostly in lengths greater than 3.0', fracture surfaces are
mostly smooth and irregular to smooth and planar.  Prior
to removal from core barrel (undisturbed) the joints were
mostly tight.

     322.6-326.7':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely Fractured (FD7).  Core recovered in
lengths from fragments to 1.7', mostly in lengths less
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     than 0.3', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.  A single
subvertical joint and associated horizontal joints were
observed through the entire interval.  Prior to removal
from core barrel (undisturbed) the joints were generally
tight to slightly open.

     326.7-341.1':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Fresh to Slightly Weathered
(W2).  Minor oxidation (iron and manganese) limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly Fractured (FD3).  Core recovered
in lengths ranging from 0.5' to 2.4', mostly in lengths
between 1.0 and 1.5', fracture surfaces are mostly
smooth and planar to smooth and irregular.  Prior to
removal from core barrel (undisturbed) the joints were
mostly tight.

     341.1-349.9':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely Fractured (FD7).  Core recovered in
lengths from fragments to 1.7', mostly in lengths less
than 0.3', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.  A single
subvertical joint and associated horizontal joints were
observed through the entire interval.  Prior to removal
from core barrel (undisturbed) the joints were generally
tight to slightly open.

     349.9-358.2':  BASALT.  Black to dark green, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) generally limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Moderately to Slightly Fractured (FD4).
Core recovered in lengths from fragments to 1.6', mostly
in lengths around 0.8', the joint surfaces are mostly
smooth and planar to irregular to rough and irregular.  A
single subvertical joint and associated horizontal joints
were observed through most of the interval.  Prior to
removal from core barrel (undisturbed) the joints were
generally tight to slightly open.

     358.2-421.5':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) generally limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly Fractured (FD3).  Core recovered
in lengths from 0.1' to 2.8', mostly in lengths about 1.4',
the joint surfaces are mostly smooth and planar to
irregular to rough and irregular.  Prior to removal from
core barrel (undisturbed) the joints were generally tight to
slightly open.

         Magnetic Polarity on Sample at 360.3': Normal.

         Magnetic Polarity on Sample at 384.7': Normal.

     421.5-426.6':  BASALT.  Black to gray, fine grained,
slightly to moderately vesicular basalt.  Slightly
Weathered (W3).  Oxidation (iron and manganese)
generally limited to fracture surfaces.  Hard (H5).  Core
breaks with moderate to heavy hammer blow.
Moderately  to Slightly Fractured (FD4).  Core recovered
in lengths from fragments to 0.9', mostly in lengths
around 0.4', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.

     426.6-431.5':  BASALT (FLOW BRECCIA).  Dark green
to black, fine grained, moderately to strongly vesicular
basalt.  Moderately to Slightly Weathered (W4).
Numerous indurated clay and silty clay seams, body of
rock is slightly weathered.  Hard (H5).  Core breaks with
moderate to heavy hammer blow.  Moderately  to Slightly
Fractured (FD4).  Core recovered in lengths from 0.2' to
1.9', mostly in lengths about 0.4', the joint surfaces are
mostly rough and irregular.

     than 0.3', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.  A single
subvertical joint and associated horizontal joints were
observed through the entire interval.  Prior to removal
from core barrel (undisturbed) the joints were generally
tight to slightly open.

     326.7-341.1':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Fresh to Slightly Weathered
(W2).  Minor oxidation (iron and manganese) limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly Fractured (FD3).  Core recovered
in lengths ranging from 0.5' to 2.4', mostly in lengths
between 1.0 and 1.5', fracture surfaces are mostly
smooth and planar to smooth and irregular.  Prior to
removal from core barrel (undisturbed) the joints were
mostly tight.

     341.1-349.9':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) limited to fracture
surfaces.  Hard (H3).  Core breaks with heavy hammer
blow.  Intensely Fractured (FD7).  Core recovered in
lengths from fragments to 1.7', mostly in lengths less
than 0.3', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.  A single
subvertical joint and associated horizontal joints were
observed through the entire interval.  Prior to removal
from core barrel (undisturbed) the joints were generally
tight to slightly open.

     349.9-358.2':  BASALT.  Black to dark green, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) generally limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Moderately to Slightly Fractured (FD4).
Core recovered in lengths from fragments to 1.6', mostly
in lengths around 0.8', the joint surfaces are mostly
smooth and planar to irregular to rough and irregular.  A
single subvertical joint and associated horizontal joints
were observed through most of the interval.  Prior to
removal from core barrel (undisturbed) the joints were
generally tight to slightly open.

     358.2-421.5':  BASALT.  Black to gray, mostly fine
grained, dense basalt.  Slightly Weathered (W3).
Oxidation (iron and manganese) generally limited to
fracture surfaces.  Hard (H3).  Core breaks with heavy
hammer blow.  Slightly Fractured (FD3).  Core recovered
in lengths from 0.1' to 2.8', mostly in lengths about 1.4',
the joint surfaces are mostly smooth and planar to
irregular to rough and irregular.  Prior to removal from
core barrel (undisturbed) the joints were generally tight to
slightly open.

         Magnetic Polarity on Sample at 360.3': Normal.

         Magnetic Polarity on Sample at 384.7': Normal.

     421.5-426.6':  BASALT.  Black to gray, fine grained,
slightly to moderately vesicular basalt.  Slightly
Weathered (W3).  Oxidation (iron and manganese)
generally limited to fracture surfaces.  Hard (H5).  Core
breaks with moderate to heavy hammer blow.
Moderately  to Slightly Fractured (FD4).  Core recovered
in lengths from fragments to 0.9', mostly in lengths
around 0.4', the joint surfaces are mostly smooth and
planar to irregular to rough and irregular.

     426.6-431.5':  BASALT (FLOW BRECCIA).  Dark green
to black, fine grained, moderately to strongly vesicular
basalt.  Moderately to Slightly Weathered (W4).
Numerous indurated clay and silty clay seams, body of
rock is slightly weathered.  Hard (H5).  Core breaks with
moderate to heavy hammer blow.  Moderately  to Slightly
Fractured (FD4).  Core recovered in lengths from 0.2' to
1.9', mostly in lengths about 0.4', the joint surfaces are
mostly rough and irregular.
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     431.5-461.5':  BASALT.  Black to gray, mostly fine
grained, dense to very slightly vesicular basalt.  Slightly
Weathered (W2).  Oxidation (iron and manganese)
generally limited to fracture surfaces, some vesicles
infilled with calcium carbonate (strong reaction with HCl).
Hard (H3).  Core breaks with heavy hammer blow.
Moderately to Slightly Fractured (FD4).  Core recovered
in lengths from fragments to 0.1' to 2.8', mostly in
lengths about 1.4', the joint surfaces are mostly smooth
and planar, with scattered irregular to rough and irregular
surfaces.

         Magnetic Polarity on Sample at 455.5': Normal.

          457.0-459.2':  LEAN CLAY.  (Inclusion of underlying
Mabton Interbed).  About 100% fines with medium
plasticity, slow dilatancey and medium toughness,
green, moist.

467.0-555.8':  MABTON INTERBED (Tm)  of the Miocene
Ellensburg Formation.  Light green to to dark brown,
moderately soft, tuffaceous siltstone, sandstone and
claystone.  Descriptions are based on HQ-size core
samples.

     467.0-490.0':  SILTSTONE.  Fine grained, light green to
gray, homogeneous, well indurated silt-size to some
medium sand-sized fragments with abundant mafic and
micaceous material.  Intensely Weathered (W7).
Material is partially altered to clay.   Moderately Soft (H5).
Core scratches with light to moderate knife pressure.
Slightly Fractured (FD3).  Core recovered mostly in
lengths from 1.0 to 3.0'.

     490.0-502.4':  POORLY GRADED SAND (SP).  About
100% predominantly medium, hard, subangular to
angular sand; dry to moist, gray with reddish brown
lenses, abundant iron oxide.

     502.4-510.9':  SILTSTONE.  Fine grained, light green to
tan, homogeneous, well indurated silt-size material.
Intensely Weathered (W7).  Some minerals altered to
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 1.0 to 3.0'.

     510.9-525.8':  SANDSTONE.  Fine to medium grained,
green to black, homogeneous, well indurated silt-size to
medium sand-sized fragments with abundant mafic and
micaceous material. Intensely Weathered (W7).  Some
of the minerals are altered to clay due to extensive
leaching and solutioning of rock.  Moderately Soft (H5).
Core scratches with light to moderate knife pressure.
Slightly Fractured (FD3).  Core recovered in lengths from
1.0 to 3.0'.

     525.8-536.1':  SILTSTONE.  Fine grained, light green to
white, homogeneous, well indurated silt-size material.
Intensely Weathered (W7).  Some minerals altered to
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 0.5 to 5.0'.

     536.1-543.9':  CLAYSTONE.  Fine grained, greenish gray
to black, homogeneous, well indurated clay-size
material.  Intensely Weathered (W7).  Sample is mostly
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 0.9 to 1.8'.

     543.9-549.4':  SILTSTONE.  Fine grained, mottled dark
brown to black, well indurated silt-size material.
Abundant organics, wood and coal (lignite) fragments up
to 25 mm. Intensely Weathered (W7).  Some minerals
altered to clay due to due to extensive leaching and
solutioning of rock.  Moderately Soft (H5).  Core

     431.5-461.5':  BASALT.  Black to gray, mostly fine
grained, dense to very slightly vesicular basalt.  Slightly
Weathered (W2).  Oxidation (iron and manganese)
generally limited to fracture surfaces, some vesicles
infilled with calcium carbonate (strong reaction with HCl).
Hard (H3).  Core breaks with heavy hammer blow.
Moderately to Slightly Fractured (FD4).  Core recovered
in lengths from fragments to 0.1' to 2.8', mostly in
lengths about 1.4', the joint surfaces are mostly smooth
and planar, with scattered irregular to rough and irregular
surfaces.

         Magnetic Polarity on Sample at 455.5': Normal.

          457.0-459.2':  LEAN CLAY.  (Inclusion of underlying
Mabton Interbed).  About 100% fines with medium
plasticity, slow dilatancey and medium toughness,
green, moist.

467.0-555.8':  MABTON INTERBED (Tm)  of the Miocene
Ellensburg Formation.  Light green to to dark brown,
moderately soft, tuffaceous siltstone, sandstone and
claystone.  Descriptions are based on HQ-size core
samples.

     467.0-490.0':  SILTSTONE.  Fine grained, light green to
gray, homogeneous, well indurated silt-size to some
medium sand-sized fragments with abundant mafic and
micaceous material.  Intensely Weathered (W7).
Material is partially altered to clay.   Moderately Soft (H5).
Core scratches with light to moderate knife pressure.
Slightly Fractured (FD3).  Core recovered mostly in
lengths from 1.0 to 3.0'.

     490.0-502.4':  POORLY GRADED SAND (SP).  About
100% predominantly medium, hard, subangular to
angular sand; dry to moist, gray with reddish brown
lenses, abundant iron oxide.

     502.4-510.9':  SILTSTONE.  Fine grained, light green to
tan, homogeneous, well indurated silt-size material.
Intensely Weathered (W7).  Some minerals altered to
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 1.0 to 3.0'.

     510.9-525.8':  SANDSTONE.  Fine to medium grained,
green to black, homogeneous, well indurated silt-size to
medium sand-sized fragments with abundant mafic and
micaceous material. Intensely Weathered (W7).  Some
of the minerals are altered to clay due to extensive
leaching and solutioning of rock.  Moderately Soft (H5).
Core scratches with light to moderate knife pressure.
Slightly Fractured (FD3).  Core recovered in lengths from
1.0 to 3.0'.

     525.8-536.1':  SILTSTONE.  Fine grained, light green to
white, homogeneous, well indurated silt-size material.
Intensely Weathered (W7).  Some minerals altered to
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 0.5 to 5.0'.

     536.1-543.9':  CLAYSTONE.  Fine grained, greenish gray
to black, homogeneous, well indurated clay-size
material.  Intensely Weathered (W7).  Sample is mostly
clay due to extensive leaching and solutioning of rock.
Moderately Soft (H5).  Core scratches with light to
moderate knife pressure.  Slightly Fractured (FD3).  Core
recovered mostly in lengths ranging from 0.9 to 1.8'.

     543.9-549.4':  SILTSTONE.  Fine grained, mottled dark
brown to black, well indurated silt-size material.
Abundant organics, wood and coal (lignite) fragments up
to 25 mm. Intensely Weathered (W7).  Some minerals
altered to clay due to due to extensive leaching and
solutioning of rock.  Moderately Soft (H5).  Core
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     scratches with light to moderate knife pressure.
Moderately Fractured (FD5).  Core recovered mostly in
lengths ranging from 0.4 to 1.0'.  Slickensides (striations)
noted on subvertical joint surfaces at 543.9', 546.4',
546.6' and at 549.4'.

     549.4-555.8':  CLAYSTONE.  Fine grained, mottled
greenish brown, well indurated clay-size material.  Trace
of organics, wood fragments up to 10 mm.  Intensely
Weathered (W7).  Sample is mostly clay due to
extensive leaching and solutioning of rock.  Moderately
Soft (H5).  Core scratches with light to moderate knife
pressure.  Slightly Fractured (FD3).  Core recovered
mostly in lengths ranging from 0.9 to 1.8'.

Slickensides (striations) noted on joint surfaces at 550.5',
553.2', 553.3', 554.2' and at 555.8'.

555.8-562.3':  PRIEST RAPIDS MEMBER (Tpr)  of the
Wanapum Basalt Formation, Miocene Columbia River
Basalt Group (CRB).  Black to gray, hard, fine grained to
porphyritic, vesicular basalt.   Descriptions are based on
HQ-size core samples.

     556.0-562.3':  BASALT.  Black to gray moderately
vesicular basalt, mostly fine grained with abundant
elongate and angular plagioclase phenocrysts up to 1
mm diameter.  Phenocrysts comprise about 10% of the
rock.   Fairly sharp contact with overlying claystone.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces; vesicles are
infilled with bluish silt and clay; abundant iron pyrite
noted on fracture surface and within vesicles; all
phenocrysts are discolored to a grayish white color.
Hard (H3).  Core breaks with moderate hammer blow.
Intensely to Moderately Fractured (FD6).  Core recovered
in lengths from fragments to 0.9', mostly less than 0.4',
the joint surfaces are mostly rough and planar to rough
and irregular.  Prior to removal from core barrel
(undisturbed) the joints were moderately open (1 to 3
mm).

         Magnetic Polarity on Sample from 560.0-560.7':
Reverse.

562.3':  BOTTOM OF HOLE

     scratches with light to moderate knife pressure.
Moderately Fractured (FD5).  Core recovered mostly in
lengths ranging from 0.4 to 1.0'.  Slickensides (striations)
noted on subvertical joint surfaces at 543.9', 546.4',
546.6' and at 549.4'.

     549.4-555.8':  CLAYSTONE.  Fine grained, mottled
greenish brown, well indurated clay-size material.  Trace
of organics, wood fragments up to 10 mm.  Intensely
Weathered (W7).  Sample is mostly clay due to
extensive leaching and solutioning of rock.  Moderately
Soft (H5).  Core scratches with light to moderate knife
pressure.  Slightly Fractured (FD3).  Core recovered
mostly in lengths ranging from 0.9 to 1.8'.

Slickensides (striations) noted on joint surfaces at 550.5',
553.2', 553.3', 554.2' and at 555.8'.

555.8-562.3':  PRIEST RAPIDS MEMBER (Tpr)  of the
Wanapum Basalt Formation, Miocene Columbia River
Basalt Group (CRB).  Black to gray, hard, fine grained to
porphyritic, vesicular basalt.   Descriptions are based on
HQ-size core samples.

     556.0-562.3':  BASALT.  Black to gray moderately
vesicular basalt, mostly fine grained with abundant
elongate and angular plagioclase phenocrysts up to 1
mm diameter.  Phenocrysts comprise about 10% of the
rock.   Fairly sharp contact with overlying claystone.
Slightly Weathered (W3).  Oxidation (iron and
manganese) limited to fracture surfaces; vesicles are
infilled with bluish silt and clay; abundant iron pyrite
noted on fracture surface and within vesicles; all
phenocrysts are discolored to a grayish white color.
Hard (H3).  Core breaks with moderate hammer blow.
Intensely to Moderately Fractured (FD6).  Core recovered
in lengths from fragments to 0.9', mostly less than 0.4',
the joint surfaces are mostly rough and planar to rough
and irregular.  Prior to removal from core barrel
(undisturbed) the joints were moderately open (1 to 3
mm).

         Magnetic Polarity on Sample from 560.0-560.7':
Reverse.

562.3':  BOTTOM OF HOLE

HOLE LOGGED BY:   Stelma/McAffee/Lyon

ENGINEERING
 PROPERTIES
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BUREAU OF RECLAMATION
HOLE NO. DH04-01PROJECT Black Rock

Depth

1ft:500ft

GAMMA (CPS)

0 100

Neutron (CPS)

0 1000

NearGG (CPS)

0 300
FarGG (CPS)

0 200

Lithology

Basic  to Felds

Lithology#1

Basic to Felds
Clay Content

Low to Moderate

Water Content

Moderate to Low

Density

High to Low

0.0

50.0

100.0

150.0

200.0

250.0
Page 1



300.0

350.0

400.0

450.0

500.0

550.0
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Refer to the log of companion hole DH-04-1 for detailed
descriptions of the materials present at this site.

All descriptions of material in this log are based on
drilling conditions and cuttings returned.

0.0-7.0':  QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small
amounts of fine sand and volcanic ash.

     0.0-7.0':  SILT AND SAND.

7.0-28.0': QUATERNARY ALLUVIUM DEPOSITS
(Qh).  Undifferentiated medium to coarse-grained
sand with fines, gravels, cobbles and boulders
composed primarily of basaltic detritus from local
sources.

     7.0-28.0':  SILT, SAND, AND GRAVEL.

28.0-87.0':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluvio lacustrine sand, silt and clay, with
cobbles and gravels in a matrix of coarse to fine sand
and fines near the middle and base of the unit.

     28.0-40.0':  SILT, SAND, AND GRAVEL.

     40.0-70.0':  SILT SAND AND CLAY.

     70.0-82.0':  SILT, SAND, AND GRAVEL.

     82.0-87.0':  SILT, SAND, GRAVEL, AND COBBLES.

87.0-144.0':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) AND INVASIVE FLOW TOP
(PEPERITE) CONSISTING OF SELAH INTERBED
(Ts) UNDIFFERENTIATED MEMBERS of the
Miocene Ellensburg Formation.  The upper section is
comprised of unconsolidated gravel and sand with silt
and clay, and the lower section is comprised of
pumicite material rafted to the top of the Pomona
Basalt, composed of tuffaceous clay, silt, sand and
gravel.

     87.0-97.0':  SILT AND CLAY.

     97.0-119.0':  SILT AND SAND.

     119.0-129.0':  CLAY.

     129.0-132.0':  CLAY, SAND, AND GRAVELS.

     132.0-137.0':  CLAY, SAND, AND GRAVELS.

     137.0-144.0':  SAND, GRAVELS AND COBBLES.

144.0-249.0':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.

     144.0-249.0':  BASALT.

All elevations measured
from ground surface and
are same as driller
reported.

PURPOSE OF HOLE:
 Hydro-geologic testing

DRILL SETUP:
Setup on original ground
surface approximately 260
feet north of Washington
State Highway 24.

DRILLING EQUIPMENT:
Ingersoll-Rand T-2 Truck
mounted drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-149.0':  Advanced
hole with 7-7/8" rock bit
and 8" casing using air as
circulating fluid to remove
the cuttings from 0-87.0'
and 97.0-129.0'.  Air and
water with foam was used
to remove cuttings from
87.0-97.0' and
129.0-149.0'.  Constant
Head tests were
conducted at the intervals
of 27.0-31.0', 77.0-81.7'
and 117.0-137.0'.
149.0-230.0':  Advanced
hole with 5-7/8" downhole
hammer to 230.0', using
air and water with foam to
remove the cuttings from
149.0-230'.  Constant
Head tests were
conducted from
148.0-168.0' and
148.0-230.0'.
230.0-314.0':  Advanced
hole with 5-7/8" downhole
hammer using air and
water with foam to remove
the cuttings to 290.0'.
Bottom of packer was set
at 235.7', and a Slug test
was conducted from
236.0-290.0'.  Packer
removal was difficult due
to slight caving from
190.0-200.0'.  Hole was
cleaned out from
148.0-200.0' with 7-7/8"
downhole hammer and
stabilizers.  Stabilizers
came apart at 200.0'.
After retrieving stabilizers
and downhole hammer,
the hole was cleaned out

Qe

Qh

Tr

Refer to the log of companion hole DH-04-1 for detailed
descriptions of the materials present at this site.

All descriptions of material in this log are based on
drilling conditions and cuttings returned.

0.0-7.0':  QUATERNARY LOESS DEPOSITS (Qe).
Surficial deposits of silt with lesser amounts of clay,
composed primarily of wind-blown silt with small
amounts of fine sand and volcanic ash.

     0.0-7.0':  SILT AND SAND.

7.0-28.0': QUATERNARY ALLUVIUM DEPOSITS
(Qh).  Undifferentiated medium to coarse-grained
sand with fines, gravels, cobbles and boulders
composed primarily of basaltic detritus from local
sources.

     7.0-28.0':  SILT, SAND, AND GRAVEL.

28.0-87.0':  TERTIARY RINGOLD FORMATION (Tr).
Composed of fluvio lacustrine sand, silt and clay, with
cobbles and gravels in a matrix of coarse to fine sand
and fines near the middle and base of the unit.

     28.0-40.0':  SILT, SAND, AND GRAVEL.

     40.0-70.0':  SILT SAND AND CLAY.

     70.0-82.0':  SILT, SAND, AND GRAVEL.

     82.0-87.0':  SILT, SAND, GRAVEL, AND COBBLES.

87.0-144.0':  TERTIARY RATTLESNAKE RIDGE
MEMBER (Trr) AND INVASIVE FLOW TOP
(PEPERITE) CONSISTING OF SELAH INTERBED
(Ts) UNDIFFERENTIATED MEMBERS of the
Miocene Ellensburg Formation.  The upper section is
comprised of unconsolidated gravel and sand with silt
and clay, and the lower section is comprised of
pumicite material rafted to the top of the Pomona
Basalt, composed of tuffaceous clay, silt, sand and
gravel.

     87.0-97.0':  SILT AND CLAY.

     97.0-119.0':  SILT AND SAND.

     119.0-129.0':  CLAY.

     129.0-132.0':  CLAY, SAND, AND GRAVELS.

     132.0-137.0':  CLAY, SAND, AND GRAVELS.

     137.0-144.0':  SAND, GRAVELS AND COBBLES.

144.0-249.0':  POMONA MEMBER (Tp) of the Saddle
Mountains Basalt Formation, Miocene Columbia River
Basalt Group (CRBG).  Black to gray, hard, mostly fine
grained, dense basalt with plagioclase phenocrysts
comprising less than 5% of the rock.

     144.0-249.0':  BASALT.

All elevations measured
from ground surface and
are same as driller
reported.

PURPOSE OF HOLE:
 Hydro-geologic testing

DRILL SETUP:
Setup on original ground
surface approximately 260
feet north of Washington
State Highway 24.

DRILLING EQUIPMENT:
Ingersoll-Rand T-2 Truck
mounted drill.

DRILLER:
Chris Peterson

DRILLING METHODS:
0.0-149.0':  Advanced
hole with 7-7/8" rock bit
and 8" casing using air as
circulating fluid to remove
the cuttings from 0-87.0'
and 97.0-129.0'.  Air and
water with foam was used
to remove cuttings from
87.0-97.0' and
129.0-149.0'.  Constant
Head tests were
conducted at the intervals
of 27.0-31.0', 77.0-81.7'
and 117.0-137.0'.
149.0-230.0':  Advanced
hole with 5-7/8" downhole
hammer to 230.0', using
air and water with foam to
remove the cuttings from
149.0-230'.  Constant
Head tests were
conducted from
148.0-168.0' and
148.0-230.0'.
230.0-314.0':  Advanced
hole with 5-7/8" downhole
hammer using air and
water with foam to remove
the cuttings to 290.0'.
Bottom of packer was set
at 235.7', and a Slug test
was conducted from
236.0-290.0'.  Packer
removal was difficult due
to slight caving from
190.0-200.0'.  Hole was
cleaned out from
148.0-200.0' with 7-7/8"
downhole hammer and
stabilizers.  Stabilizers
came apart at 200.0'.
After retrieving stabilizers
and downhole hammer,
the hole was cleaned out

Qe

Qh

Tr

LOCATION:   North of Washington State Highway 24
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ENGINEERING
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PROJECT:   Yakima River Basin Water Storage Project
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Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated
February 12, 2004."

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999..

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated
February 12, 2004."

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999..

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated
February 12, 2004."

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999..

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated
February 12, 2004."

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999..

Cs = Casing       Sz = Size of Casing      I.D.  = Inside Diameter   O.D. = Outside diameter

Geologic unit descriptions and stratigraphy based partially on consulting discussions with Dr. Bentley
and geologic interpretations presented in the following reports:

"Black Rock Reservoir Study, Initial Geotechnical Investigation, Prepared for Benton County
Sustainable Development by Washington Infrastructures Services, Inc., Dated January 2003.

"Geologic Investigation Black Rock Dam, Alternate Dam Site, Yakima County, Washington,
Prepared for U.S. Bureau of Reclamation by Columbia Geotechnical Associates, Inc., Dated
February 12, 2004."

Samples were logged in the field using Designation USBR 5005-86,
"Procedures for Determining Unified Soil Classification (Visual Method)."

Center column descriptors are defined in the Reclamation Engineering
Geology Field Manual, Volume 1, Second Edition, distributed February 1999..



249.0-280.0':  SELAH INTERBED (Ts) of the Miocene
Ellensburg Formation.

     249.0-280.0':  SAND AND GRAVELS.

280.0-466.0':  ESQUATZEL/UMATILLA
UNDIFFERENTIATED MEMBERS (Teq/Tum) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG).  Black to gray, hard,
mostly fine grained dense basalt.

     280.0-466.0':  BASALT.

466.0-530.0':  MABTON INTERBED (Tm) of the
Miocene Ellensburg Formation.  Light green to to dark
brown, tuffaceous siltstone and sandstone.

     466.0-515.0':  SANDSTONE AND SILT STONE.

     515.0-520.0':  SAND.

     520.0-530.0':  SAND AND CLAY.

with 7-7/8 downhole
hammer to 215.0', and
5-7/8" downhole hammer
314.0', using air and water
with foam to remove the
cuttings.  Pump and
packer were set at 235.7',
and a constant rate pump
test was conducted from
236.0-273.0'.  Following
the test, the hole had
caved from 270.0-285.0'.
Hole was cleaned out with
7-7/8" downhole hammer
using air and water with
foam to remove cuttings.
Cut slots in 6" casing with
plasma cutter and began
installing in hole, but could
not get it to bottom due to
caving.  Casing was
removed and hole was
cleaned with a 7-7/8"
tri-cone rockbit to 291.6'.
6" casing was cleaned out
with a 5-7/8" rockbit and
advanced with a casing
hammer to 314.0'.  Slotted
section is 254.0-294.0'.
Pump was set at 245.0',
and a step test,
pump/constant rate, and
slug tests were conducted
from 254.0-294.0'.
314.0-405.0':   Advanced
hole with 5-7/8" downhole
hammer using air to
remove to cuttings to
405.0'.  Top of packer was
set at depths 362.0' and
372.0', but would not seal.
Packer sealed with the top
at 352.0', and slug test
were conducted at
356.0-405.0' and
381.0-405.0'.
405.0-530.0':  Advanced
hole with 5-7/8" downhole
hammer using air to
remove cuttings.
Encountered heaving
sand at 515.0-520.0'.
Installed 3" PVC screen
and riser to stabalize hole
before conducting hydro
tests.  8" casing broke
while extracting, left in
hole from 103.0-143.0'.
An airlift/constant
drawdown test was
conducted in the Mabton
unit, and pneumatic slug
test were conducted in
DH-04-2 and DH-04-1.

DRILLING CONDITIONS:
0.0-7.0': Fast and
smooth.
7.0-70.0': Slow to fast
and moderately rough.
70.0-87.0': Slow and
rough.
87.0-129.0': Moderately
fast and smooth.
129.0-168.0': Moderately
slow and rough.
168.0-245.0': slow and
rough to smooth.  Caving
was noted at depths of

Trr/Ts

Tp

249.0-280.0':  SELAH INTERBED (Ts) of the Miocene
Ellensburg Formation.

     249.0-280.0':  SAND AND GRAVELS.

280.0-466.0':  ESQUATZEL/UMATILLA
UNDIFFERENTIATED MEMBERS (Teq/Tum) of the
Saddle Mountains Basalt Formation, Miocene Columbia
River Basalt Group (CRBG).  Black to gray, hard,
mostly fine grained dense basalt.

     280.0-466.0':  BASALT.

466.0-530.0':  MABTON INTERBED (Tm) of the
Miocene Ellensburg Formation.  Light green to to dark
brown, tuffaceous siltstone and sandstone.

     466.0-515.0':  SANDSTONE AND SILT STONE.

     515.0-520.0':  SAND.

     520.0-530.0':  SAND AND CLAY.

with 7-7/8 downhole
hammer to 215.0', and
5-7/8" downhole hammer
314.0', using air and water
with foam to remove the
cuttings.  Pump and
packer were set at 235.7',
and a constant rate pump
test was conducted from
236.0-273.0'.  Following
the test, the hole had
caved from 270.0-285.0'.
Hole was cleaned out with
7-7/8" downhole hammer
using air and water with
foam to remove cuttings.
Cut slots in 6" casing with
plasma cutter and began
installing in hole, but could
not get it to bottom due to
caving.  Casing was
removed and hole was
cleaned with a 7-7/8"
tri-cone rockbit to 291.6'.
6" casing was cleaned out
with a 5-7/8" rockbit and
advanced with a casing
hammer to 314.0'.  Slotted
section is 254.0-294.0'.
Pump was set at 245.0',
and a step test,
pump/constant rate, and
slug tests were conducted
from 254.0-294.0'.
314.0-405.0':   Advanced
hole with 5-7/8" downhole
hammer using air to
remove to cuttings to
405.0'.  Top of packer was
set at depths 362.0' and
372.0', but would not seal.
Packer sealed with the top
at 352.0', and slug test
were conducted at
356.0-405.0' and
381.0-405.0'.
405.0-530.0':  Advanced
hole with 5-7/8" downhole
hammer using air to
remove cuttings.
Encountered heaving
sand at 515.0-520.0'.
Installed 3" PVC screen
and riser to stabalize hole
before conducting hydro
tests.  8" casing broke
while extracting, left in
hole from 103.0-143.0'.
An airlift/constant
drawdown test was
conducted in the Mabton
unit, and pneumatic slug
test were conducted in
DH-04-2 and DH-04-1.

DRILLING CONDITIONS:
0.0-7.0': Fast and
smooth.
7.0-70.0': Slow to fast
and moderately rough.
70.0-87.0': Slow and
rough.
87.0-129.0': Moderately
fast and smooth.
129.0-168.0': Moderately
slow and rough.
168.0-245.0': slow and
rough to smooth.  Caving
was noted at depths of
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176.0', 190.0'- 200.0', and
240.0'
245.0-249.0': Slow and
rough, blocking.
249.0-285.0': Moderately
slow and rough.  Caving
was noted at depths of
270.0'-285.0'
285.0-466.0': Slow and
moderately rough.
466.0-515.0': Moderately
fast and smooth.
515.0-530.0': Fast and
smooth.

CASING RECORD:
2004  Cs  Depth   Depth
Date  Sz   Hole    Cs   

4/1   8"    7.0'    7.0'
4/2   8"   31.0'   27.0'
4/3   8"   82.0'   77.0'
4/5   8"   97.0'   97.0'
4/6   8"  137.0'  227.0'
4/7   8"  165.0'  148.0'
4/8   8"  200.0'  148.0'
4/9   8"  230.0'  148.0'
4/10  8"  290.0'  148.0'
4/23  8"  314.0'  148.0'
5/11  6"  314.0'  314.0'
5/17  6"  374.0'  314.0'
5/18  6"  405.0'  314.0'
5/20  6"  434.0'  314.0'
5/21  6"  530.0'  314.0'

FLUID COLOR:
0.0-31.0':  Brown
31.0-40.0':  Tan
40.0-82.0':  Reddish
                      brown
82.0-119.0':  Brown
119.0-129.0':  Gray
129.0-137.0':  Brown
137.0-144.0':  Gray
144.0-249.0':  Black
249.0-290.0':  Brown
290.0-314.0':  Gray
314.0-374.0':  Gray
374.0-405.0':  Not
                       reported
405.0-466.0':  Gray
466.0-515.0':  Light
                        brown
151.0-520.0':  White
520.0-530.0': Green

FLUID RETURN:
N/A

WATER LEVEL DURING
DRILLING:
(from ground surface at
start of shift)

Date FL Level  Hole Dpth
04/02      Dry         7.0'
04/05      Dry        82.0'
04/07      Dry      117.0'
04/08    161.3'*    148.0'
04/09    196.4'*    200.0'
04/10    177.4'*    230.4'
04/12    206.5'     290.0'
04/13    206.5'     290.0'
04/14    206.5'     290.0'
04/20    205.6'     290.0'
04/21    205.6'     290.0'
04/23    205.6'     290.0'
04/24    202.0'     314.0'
04/27    197.4'     314.0'
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374.0-405.0':  Not
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405.0-466.0':  Gray
466.0-515.0':  Light
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151.0-520.0':  White
520.0-530.0': Green

FLUID RETURN:
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WATER LEVEL DURING
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(from ground surface at
start of shift)

Date FL Level  Hole Dpth
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04/28    199.7'     314.0'
04/29   200.5'     314.0'
05/05    195.8'     314.0'
05/11    196.0'     314.0'
05/12    196.0'     314.0'
05/13    196.0'     314.0'
05/17    196.0'     314.0'
05/18    194.7'     374.0'
05/19    194.7'     405.0'
05/20    193.3'     405.0'
05/21    193.3'     434.0'
05/22    195.3'     530.0'
06/02    191.8'(?)  526.7'
06/03    194.1'     526.7'

* Water level may be
influenced from water
added by drillers to
clean out the hole at
the end of shift the
previous day.

First water was noted
at 254.0, producing
about 10 GPM.

WATER LEVEL AFTER
DRILLING:
06/09  197.4'

DRILLING TIME:
Drilling:  320 hours.
hydrotesting: 130 hours
Travel/moving:  30 hrs

HOLE COMPLETION:
The hole was completed
with 3-inch PVC and a
transducer as follows:

526.7-453.0':  Sand pack
with slotted (0.020" slot)
schedule 40 PVC (3.068"
ID) with cap at
526.7-476.7'.

453.0-433.0':  Cal-seal
cement.

433.0-264.0':  Cement.

264.0-46.0': Bentonite
chips, with 8-inch casing
left from 143.0-103.0'.

46.0-0.0':  Cement.

Installed standpipe
wellhead with about 3.1'
stickup.  Top of riser at
elevation 1353.66'.

Aquistar PT2X pressure
trasnducer, 30 psi range
installed for long-term
monitoring.

Teq/Tum
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04/29   200.5'     314.0'
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05/11    196.0'     314.0'
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05/13    196.0'     314.0'
05/17    196.0'     314.0'
05/18    194.7'     374.0'
05/19    194.7'     405.0'
05/20    193.3'     405.0'
05/21    193.3'     434.0'
05/22    195.3'     530.0'
06/02    191.8'(?)  526.7'
06/03    194.1'     526.7'

* Water level may be
influenced from water
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the end of shift the
previous day.
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about 10 GPM.
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ID) with cap at
526.7-476.7'.
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chips, with 8-inch casing
left from 143.0-103.0'.
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Installed standpipe
wellhead with about 3.1'
stickup.  Top of riser at
elevation 1353.66'.

Aquistar PT2X pressure
trasnducer, 30 psi range
installed for long-term
monitoring.
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BOTTOM OF HOLE

Tm

BOTTOM OF HOLE

Tm
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BUREAU OF RECLAMATION
HOLE NO. DH-04-02PROJECT Black Rock

GAMMA (CPS)

0 100
Clay Content

Low to Mod.

Clay

Neutron (CPS)

0 1200
Water Content

Mod. to Low

Moisture

NearGG (CPS)

100 400
FarGG (CPS)

0 1000
Density

High to Low

Density#1

Conductivity

0.1 1000
Resistivity

100 100000

Electric
Depth

1ft:500ft

Lith Geologic UnitsHydrologic tests Elev

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

120.0

130.0

140.0

150.0

160.0

170.0

180.0

190.0

200.0

210.0

220.0

230.0

240.0

Qe 
Quaternary 
Loess
Qh 
Quaternary 
Alluvium
Tr Tertiary 
Ringold

Trr Tertiary 
Rattlesnake 
Ridge

Tp Pomona 

27.00

31.00

Constant Head 
tested 04/02/04

77.00

81.70

Constant Head
tested 04/05/04

117.00

137.00

Constant Head
tested 04/06/04

148.00

230.00

Constant Head
148-168 tested 

04/08/04 
Constant Head
148-230 tested 

04/09/04

236.00
Slug Test 236-290

tested 04/13/04
Pump/constant rate

1325

1300

1275

1250

1225

1200

1175

1150

1125

1100

Broken 
steel
 drill 
 pipe

 left in
 hole
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250.0

260.0

270.0

280.0

290.0

300.0

310.0

320.0

330.0

340.0

350.0

360.0

370.0

380.0

390.0

400.0

410.0

420.0

430.0

440.0

450.0

460.0

470.0

480.0

490.0

500.0

510.0

520.0

530.0

540.0

550.0

560.0

Ts Selah 
Interbed

Teq/Tum 
Esquatzel/
Umatilla
Undifferentiate
Members

Tm Mabton 
Interbed

Tpr Priest 
Rapids

294.00

Pump/constant rate 
236-273

tested 04/26/04
Step test 254-294
tested 05/12/04

Pump/constant rate 
254-294

tested 05/13-14/04
Slug test 254-294
tested 05/15/04

356.00

405.00

Slug test 356-405
tested 05/19/04

Slug test 381-405
tested 05/19/04

453.00

526.70

Airlift/constant
drawdown

tested 06/03-04/04
Pneumatic slug test

tested 06/05/04

1100

1075

1050

1025

1000

975

950

925

900

875

850

825

800
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APPENDIX B 
 

Drawings 
 

Drawing Nos. 33-100-3380 through 33-100-3384 
Drawing Nos. 40-D-7022 and 40-D-7023 
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